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H IGHLY unusual weather conditions prevailed throughout the entire western 


United States during the winter of 1948-49, but nowhere were conditions 

more extraordinary than in the Great Plains region. The fierce and pro- 
tracted blizzards, the low temperatures, the long periods of high wind velocity and 
drifting snow, and the great sleet storms of the winter of 1948-49, by general agree- 
ment of old inhabitants, livestock men, meteorologists, and railroad, highway, and 
communications engineers, constituted the severest and hardest winter within their 
memory or on record. But, as one writer has shrewdly observed: “The winter’s 
storms are spoken of collectively, which may be misleading. For not only were they 
different in calendar and geography, but they were different in kind and hence in 
effect.”* If climate is the sum of the weather of an area, the extraordinary condi- 
tions of the winter of 1948-49 must in the future constitute a major component in 
the climatology of the Great Plains region. This study deals with the distribution 
of the “kind” of storms and the “effect” of them in the Great Plains region during 
the winter of 1948-49, and is, therefore, a study in geographic climatology. It at- 
tempts to describe conditions during the storms, their duration, the pattern of their 
occurrence, the measures taken to cope with the storms’ problems and effects, the 
effectiveness of these measures, their implications for the future; and, finally, both 
the short-range and long-range effects on the economy of the area. 

The three major sources of information were local interviews, the files of the 
local and metropolitan papers, and several official or semi-official reports on some 
aspect of the storm. The area most intensively investigated includes roughly the 
states of Nebraska and Wyoming, and immediately adjacent parts of Colorado 
and South Dakota. 


THE OPENING STORM OF THE WINTER 
q On Wednesday, November 17, 1948 a small local snowstorm developed in 
me central Wyoming. The center of the storm moved southeast at a speed much 


1J. S. Bradley, “The Winter’s Toll Was Heavy From Texas to the Dakotas,” Bell Tele- 
phone Magazine, XXVIII (Spring, 1949), 66. 
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lower than usual. As the low pressure area moved eastward it began to increase 
in intensity. A strongly developed “high” existed over Canada, and winds of 
gale strength began to sweep southward toward the center of the low pressure 
area. Kansas experienced the most severe November blizzard of record and 
it was among the worst in Nebraska. 

A critical factor with regard to this storm, as was true of most of the storms 
of the winter, was the slow, leisurely manner in which the center of the cyclone 
moved to the east (Fig. 1). On the morning of the 17th the center of the storm 
was in southeastern Wyoming, and 24 hours later it had moved in a southeasterly 
direction as far as southeastern Kansas. At this juncture, instead of moving 
eastward, the storm turned and moved very slowly almost straight north; on the 
morning of the 19th it was centered in southwestern Iowa. The result of this 
slow movement was to change what might have been an ordinary blizzard of 
the Great Plains into a fierce and protracted storm. 

The storm varied in character and had differing effects in its various parts. 
A fall of snow of from 8 to 20 inches in northern and western Nebraska and north- 
eastern Colorado, and 4 to 10 inches in Kansas accompanied by winds of from 40 
to 70 miles an hour* (with occasional recorded gusts up to 80 miles per hour)‘ 
where an impediment to the wind caused the snow to collect. 

The most serious effect of these conditions was on transportation. All high- 
ways in the area and all railroads with the exception of the Union Pacific were 
blocked for various lengths of time. One Santa Fe train was stalled for a half- 
day 12 miles west of Dodge City, Kansas. The Burlington main line was blocked 
from McCook to Hastings, Nebraska. Other Burlington lines and the Chicago 
and Northwestern lines were drifted in for various short lengths of time. The 
Union Pacific managed to keep its rails open though trains ran several hours late. 
During the night of the 18th the Greyhound Bus Lines took all their buses off the 
highways of western and central Nebraska. Numerous airline departures were 
cancelled out of Omaha. 

At Wood River, Nebraska, between 200 and 300 cars were stalled because of the 
blocked highways. Numerous towns in Nebraska had all available lodging space 
filled by travelers and local people unable to return home because of the storm. 

Figure 1 shows the location of the areas in which highways were hardest hit 
by the first storm. As previously noted all highways in western Kansas and western 
and northern Nebraska were closed for at least a short period. 

The highway patrols of the states involved immediately began the task of clear- 
ing the highways, but, as would be expected, their equipment was inadequate to 


2U. S. Weather Bureau, Monthly Weather Review, LXXVI, No. 11 (Nov. 1948). See 
Charts II and III. 

3 Ibid., 261. 

* Omaha World-Herald, Nov. 19, 1948. i 
caused huge drifts of snow as much as 15 feet in depth® to be formed at any point 
5U. S. Weather Bureau, op. cit., 261. 
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Fic. 1. The lines are somewhat arbitrary. Conditions are similar in areas immediately 
adjacent to the line on both sides. This is true of the lines on all maps. 


clear all roads immediately. However, the end of the storm period saw temper- 
atures rise into the forties so that the work of clearing the highways was not ham- 
pered by low temperatures, high winds, or drifting. Steady progress was made. 
Within 24 hours after the end of the blizzard the main, transcontinental, east- 
west highway (U. S. Highway 30) was open all the way across the state of Nebraska 
to one-way traffic. Long stretches of other major traffic arteries had been opened, 
but none of the other highways was open across the storm area. Within three 
or four days most of the main highways had been opened ; but it took an additional 
week to free the minor highways and the back roads of snow. Actually, from the 
beginning of this storm until the end of the winter there was never a time when 
there were not some local roads in need of plowing.* These were local, minor 
occurrences typical of many winters in this Great Plains region. 


me * Personal interview: Mr. John McMeekin, Engineer, Nebraska Department of Roads and 
Trigation. 
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As the storm moved into eastern Nebraska and Kansas the character of the 
precipitation changed from a dry snowfall to wet snow, sleet, and rain. Noorth- 
eastern Nebraska experienced the heaviest snow in the entire area. Consequently, 
the effects of the storm were completely different in this area. 

The principal damage in this section was to communications and power lines 
rather than to highways. The highways of the area were never closed by snow, 
though they were all described by the highway department as “hazardous” because 
of ice or a sleet cover on the surface. 

The heavy accumulations of wet snow or sleet on telephone wires exposed to 
winds of high velocity resulted in tremendous damage to the lines. The number 
of breaks in the telephone lines ran into the thousands. Numerous communities 
in Nebraska were cut off from ’phone service for varying lengths of time. The 
worst damage occurred in Butler, Seward, and Lancaster counties, Nebraska.” 
In the general area of Iowa, Minnesota, and Nebraska the telephone company had 
over 700 linemen working as steadily as possible repairing the wire breaks.* 

Electric power lines also suffered severe damage, and a few of the smaller 
towns and many isolated residences experienced a complete power failure lasting 
from a few hours to three or four days. 

Losses of livestock were almost negligible throughout the storm area. 

The human death toll was set at seven.? Two brothers died of freezing in 
their auto stalled on the highway. A farmer was found dead in the open country. 
One victim died of carbon-monoxide poisoning attempting to keep warm in his 
stalled auto. One person died of “exhaustion” and another of “heart attack” 
after shoveling snow. The last victim was burned in his farm home “unable to sum- 
mon help on his severed telephone.”?° The reader may decide whether the number 
of deaths attributable to the storm is four or seven. 

Winter conditions were normal throughout the rest of November and December. 
Temperatures ranged from average in the eastern Great Plains to a negative 
departure of four degrees in central Wyoming.** No important snowfalls were 
recorded until the very end of the month of December. 


THE SECOND GENERAL STORM 


The second storm of the winter occurred in almost the same areas as the first. 
The date was December 29th. As was true of the first storm, the character of the 
precipitation and the effects of the storm differed in different parts of the area. 
In western Nebraska, northeastern Colorado, and parts of western Kansas the 
snow was dry and accompanied by high winds. The strong winds caused drifting 
of the snow. Wind erosion of bare grain fields produced large dust storms. The 

7 Omaha World-Herald, Nov. 20, 1948. 

8 Ibid. 

® Ibid., Nov. 22, 1948. 

10 [bid. 
11U. S. Weather Bureau, of cit., Dec., 1948. Chart I. 
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amount of snow falling, however, was much less than in the earlier storm—from 
2to4 inches. Consequently, except for some damage to grain fields,’* and a slight 
hampering of highway transportation (a few highways were blocked for a day 
or two), the effect of the storm in these areas was not noteworthy. 

Ina belt running entirely across the state of Nebraska from southwest to north- 
east and about 150 miles in width, precipitation was wet snow, sleet, or rain which 
turned to glaze upon striking cold surfaces. Highway travel though somewhat 
dangerous was not interrupted. Rail service was not affected. 

As was true of the earlier storm the principal damage was to telephone and 
power lines; 124 Nebraska towns were cut off from telephone communication. 
The telephone company reported several thousand wire breaks.** Power failures 
occurred in several small Nebraska towns. Though the effects of this storm were 
very similar to those of the November storm they were not nearly of the same 
magnitude. In fact, even in those sections of western Nebraska and northeastern 
Colorado where wind and snow made conditions most severe, the storm was essen- 
tially similar to dozens of blizzards which long-time residents had experienced, and 
would not be worthy of mention had it not been for the events that followed. 


THE GREAT BLIZZARD OF JANUARY 2-5, 1949 


The greatest blizzard of record in the Great Plains area began in western 
Nebraska and eastern Wyoming on the morning and afternoon of Sunday, Jan- 
uary 2, 1949 and continued incessantly until the morning of January Sth. It 
arrived with very little warning. Following the blizzard of the end of December 
1948 the weather had moderated greatly. On the day preceding the blizzard 
temperatures in western Nebraska and adjacent parts of Colorado and Wyoming 
were in the middle and high thirties, and the day was sunny and bright in many 
areas. Meteorologists were not anticipating any great change. Forecasts were for 
“light snow” and temperatures just below freezing.** Nevertheless, when the 
storm struck it exceeded anything ever before recorded for the combination of snow, 
wind velocity, low temperatures, and duration." There have been cases of heavier 
snow falls, higher wind velocities, and much lower temperatures; but never a storm 
that remotely approached the severity of this storm in its combination of rigorous 
circumstances. 


12 Ibid., 300. 

18 Omaha World-Herald, Dec. 29, 1948. 

14Wyoming State Tribune (Cheyenne, Wyo.), January 2, 1949. 

5 An unpublished study made at Fort Francis E. Warren under the direction of the com- 
mandant, Col. Elliott, reviewed all storms of record and constructed wind chill diagrams of 
previous storms and for this one. Throughout the entire period of the blizzard from the 
morning of January 2nd until the morning of January 5th the wind chill curve was continuously 
in the “extreme cold” range and throughout January 3rd was in the “ultra cold” range. The 
conclusion reached was that this storm far exceeded any previous one. The CAA weather 


~~ gg reached essentially the same conclusion. See also Wyoming State Tribune, Jan. 
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The Meteorological Conditions*® 


The storm had its origin in an area of low pressure which covered the whole 
southern Rocky Mountain area on the day preceding the storm. Light snow was 
falling in the mountains. As the “low” moved slowly into eastern Colorado the 
pressure continued to drop. At the same time a mass of cold air with concomitant 
high pressures was moving slowly southward from southern Alberta and Saskatch- 
ewan. This caused a tremendous flow of air down the steep barometric gradient 
over the vast expanse of plains east of the Rocky Mountains. Simultaneously con- 
ditions in the upper atmosphere were almost precisely the opposite. Warm moist 
air was moving northward at elevations of 10,000 feet and over, and was forced over 
the much colder air at the surface. This was a matter of major importance, in that 
it was responsible for the constant fall of snow throughout the duration of the storm. 

As with the big November storm, one of the major contributory causes of the 
storm’s severity was the slowness with which it moved eastward. In fact, the move- 
ment of the center of this storm was extraordinarily peculiar (Fig. 2). The storm 
was centered over the plains of eastern Colorado on the morning of January 2, 1949. 
Twenty-four hours later, the morning of January 3rd, thé cyclone had moved only 
as far as western Oklahoma. But at this juncture the center of low pressure sud- 
denly turned and moved slowly east of north toward east-central Nebraska and then 
northwesterly to south-central South Dakota where it arrived on the morning of 
the 4th. It was not until another 24 hours had elapsed that the storm reached cen- 
tral Minnesota bringing about an abatement of blizzard conditions over the Great 
Plains. Because of the intense development of the cyclone and anticyclone and 
their comparative proximity wind movement was of extraordinary velocity through- 
out the entire period. ’ 


The Blizzard and Its Effects 

Though the storm started with moderate wind velocities and light snow, its in- 
tensity increased swiftly. Throughout eastern Wyoming, northeastern Colorado, 
and western Nebraska so intense was the storm that by noon on Sunday streets and 
highways were rapidly becoming impassable. By the end of the day all vehicular 
transportation was completely halted. Every highway and street in this area was 
drifted “tight shut.” This does not mean merely that autos could not operate along 
the highways: taxis, buses, and private cars in the cities were absolutely unable to 
move. Travel on foot for even short distances was difficult for the hardy and strong 
and dangerous for anyone else. Railroads were drifted closed, airports were snowed 
in, and all intercity traffic was at a complete standstill. 

Throughout the day winds averaged over 30 miles per hour with occasional gusts 
of over 60 miles per hour. The fiercely blowing snow constantly kept visibility be- 

16 Most of the information on the meteorological conditions was obtained from two short, 
unpublished reports by Mr. A. R. Lowery, Official in Charge, CAA Weather Bureau Office, 


Cheyenne, Wyoming, and from discussions with members of the staff of that office. Their 
assistance is gratefully acknowledged. 
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Fic. 2. Dashed line indicates path of storm center. 


low a quarter-mile and often dropped it to zero for short intervals. The temperature 
at the beginning of the storm was 22° F. and it fell steadily until the morning of the 
3rd when it reached —7° at Cheyenne. Temperatures were similar but slightly 
higher elsewhere. 

Paralysis of the region was almost complete by the end of the first day. Trav- 
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elers only a few miles from home found it impossible to reach home. Passenger and 
freight trains were stranded in the open country. Military personnel from Ft. War- 
ren at the outskirts of Cheyenne were excused from reporting on Monday morning, 
All state employees were excused from work. Schools were closed. Milk deliveries 
in the cities ceased. Garbage pickup was impossible. Over two-thirds of the stores 
in all the principal towns in the region did not open on Monday morning. 

Little progress in combatting the storm’s effects was possible on January 3rd or 
4th. The blizzard was even worse on the 3rd than on the 2nd. For the two days 
January 3rd and 4th wind velocity averaged 41.8 miles per hour at Cheyenne. 
Temperatures were much lower on the 3rd than on the second. Temperatures never 
rose above zero on the 3rd at Cheyenne and were only a few degrees higher else- 
where. The only improvement in conditions on the 4th was a rise in temperature. 
One unusual aspect of the blizzard was the extreme dryness and fineness of the snow. 
In Colorado, for example, numerous cases were reported of damage to plaster, rugs, 
draperies, and other household furnishings by the extremely fine snow, which, driven 
by the gale-like winds, pushed through the cracks and crevices of closed doors and 
windows and then melted inside the homes. The same conditions made the opera- 
tion of motors and machinery difficult. 

The morning of the 5th saw conditions in the western part of the storm area 
moderate greatly. Though it was extremely difficult to make much progress in the 
rural areas, the cities were beginning to dig themselves out. 

Every railroad in the main storm area had been completely snowed in. The 
Union Pacific alone had over 40 trains either definitely stalled and unable to move 
within the major storm area or being held at terminals on the border of the storm 
zone. Approximately 7,500 passengers were aboard these trains. 

The emergency difficulties encountered with stalled trains on the Northwestern, 
Burlington, and Union Pacific were directly attributable to the unprecedented in- 
tensity and swift onset of the storm. In some of the railroad reports on the stalled 
trains it is emphasized and reiterated that when the train started on its run there was 
no reason even to suspect that it would not reach its destination.‘ In one instance 
a lightly loaded, short train preceded by a wedge-type snow plow was unable to 
negotiate a run that only three hours earlier had been accomplished by a heavily 
loaded train without any assistance. The greatest difficulties occurred when pas- 
senger trains were stalled or halted at very small towns. The Union Pacific had 
five fast passenger trains halted at small towns along their main line in eastern Wy- 
oming and western Nebraska. In some places local supplies of food and fuel were 
so limited and all forms of land transportation so completely stalled that it became 
necessary to fly food and supplies to the trains for a short period. The Burlington 
had to halt a passenger train at Seneca in central Nebraska, and it proved impos- 
sible to keep up steam in the locomotive. Some notion of the intensity of the blizzard 
can be gained by learning that not a single switch track could be cleared to enable 
17S. L. Fee, “Report of Unusual Snow Conditions Burlington Railroad-Lines West. 


Winter of 1948-1949.” Unpublished report, Office of the President, Burlington Railroad, 
Chicago, Illinois. 
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another locomotive to be switched on. Snow drifted over the tracks faster than it 
could be shoveled off, and workers could endure exposure in the open for only a 
few minutes at a time. The passengers had to be transferred to the depot, a local 
cafe, and a small auditorium until the blizzard moderated. 

Telephone and power lines were not disturbed."* The fact that they remained 
intact greatly facilitated the work of relief and recovery from the blizzard’s effects.”® 

Two groups of people were, however, much more immediately and vitally af- 
fected than all others. To intercity travelers and to stockmen the blizzard brought 
pressing difficulties, problems, or hazards. 

Intercity auto travelers who encountered difficulties fell into two groups—those 
that managed to reach shelter and those who did not. Many motorists traveling 
along the highway during the early part of the blizzard were making, as they realized, 
slightly hazardous efforts to reach either their destination or a large town with ample 
facilities for accommodating travelers. In numerous instances in this sparsely set- 
tled area their cars eventually stalled in the snow in open country with no shelter 
immediately available. Persons to whom this happened were faced with the alter- 
native either of staying in their cars and awaiting rescue by road crews or others, 
or of attempting to reach shelter on foot. The greatest loss of life from the blizzard 
occurred among these stranded travelers. People froze to death in both circum- 
stances. But from a consideration of all available data, keeping in mind the unusual 
severity and duration of the storm, it appears that it is safer (at least on any well- 
traveled road) to remain in the automobile than to leave it to seek shelter. South 
of Laramie, Wyoming, six people were rescued from cars in which they had been 
snowbound for 30 hours when temperatures were below zero. Seven people were 


_ fescued after they had been in their cars two and a half days near the Colorado-Wy- 


oming border north of Fort Collins. Numerous other examples occurred throughout 
the Wyoming-Nebraska-Colorado area. However, several cases of frozen hands, 
feet, and ears were reported among travelers rescued from their cars after a pro- 
longed wait. 

One coincidence that increased the difficulties and discomforts of the blizzard 
was the time of its occurrence. It began on the first weekend following the Christ- 
mas and year-end holidays so that unusual numbers of travelers were on the trains 
and highways. In many sections of this region even hamlets are far apart with the 
consequence that, as the storm swiftly closed up the highways, dozens, scores, and 
even hundreds of motorists were forced to stop at tiny roadside settlements. Facil- 
ities and food supplies were totally inadequate to handle these sudden influxes. 
Though there were many rumors of suffering among the stranded travelers and of 
outrageous profiteering on the part of some of the establishment owners, discussions 
with people in the area, with travelers caught at small villages, and with truck and 
bus drivers make it seem certain that inconvenience, delay, and some slight discom- 
forts were the extent of the “hardships.” 

18 Personal letter from P. C. Mabon, Assistant to the President, American Telephone and 


Telegraph Company. 
19 See J. S. Bradley, op. cit. 
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The usual commercial establishments in even the largest cities were unable to ac- 
commodate all their involuntary visitors, but various civic organizations, the Red 
Cross, and impromptu local committees easily solved any problems with a minimum 
of difficulty for everyone. 


The Process of Recovery 


In view of the events that followed, one of the most favorable circumstances con- 
nected with the great blizzard was the rapid rise in temperature following the cessa- 
tion of the storm. Temperatures had been either a few degrees above or below 
zero during the blizzard, but by the 5th the maximum temperatures had climbed 
very nearly to the melting point. On the 6th, 7th, and 8th the weather was sur- 
prisingly mild for this region. Daytime temperatures were in the 40’s. With the 
simultaneous drop in wind velocities this gave excellent weather for clearing com- 
munication lines. The work proceeded rapidly, but so completely were communica- 
tions blocked that most of the work in the first few days had to be confined to the 
main lines of the railroads and the major through-highways. 

The Union Pacific opened a transcontinental line on January 6th. The blizzard 
had blocked the line from Laramie, Wyoming to central Nebraska (Fig. 3). On 
January 6th the pass over the Laramie Mountains was opened, and the line north 
from Denver to Borie (a junction point on the main line seven miles west of Chey- 
enne) had been opened a little earlier. Consequently, it was possible to start moving 
trains east-west despite the long stretch of closed trackage in eastern Wyoming and 
western Nebraska. Trains were taken off the main line at Julesberg, Colorado, run 
on the Denver line to the junction with the Denver-Cheyenne line, and thence on to 
Borie where they could get back on the maifi line. As soon as this line was open a 
Red Cross train “rescued” approximately 600 stranded motorists in three little 
Colorado hamlets along U.S. Highway 85. 

It was not until January 7th that the stalled passenger trains in western Nebraska 
and eastern Wyoming were released, taken back to Julesberg, and sent on west via 
the detour. Not until January 10 had all the passenger trains been moved toward 
their destination, thus permitting freights to move in numbers. 

Pacific Fruit Express cars are a major component of west to east movement 
along this line; these cars, loaded with perishable goods, were a special problem. 
Union Pacific had to use three airplanes to haul charcoal from Laramie to Cheyenne 
to heat these cars until they could be moved east. 

The Colorado and Southern Railroad was cleared without undue delay. But the 
Burlington lines and the Northwestern lines in northern and western Nebraska and 
eastern Wyoming were not yet opened on January 9th. 

The Nebraska papers were still reporting the stretches of road that were open 
on January 8th; all the rest were still closed. In Wyoming road clearance proceeded 
somewhat more rapidly. By January 15th all main roads in Nebraska and Wyoming 
had been opened for traffic. 

Throughout the period from January 5 to 15, there was no widespread blowing 
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and drifting of snow, and no snowstorms of any appreciable dimensions. However, 
temperatures fell well below zero on January 9 and 10. There were numerous local 
instances where blowing and drifting occurred for a short time, and roads once 
cleared had to be plowed out again. But these were merely incidents in the general 
task of clearing the roads. Every main road in Wyoming, except mountain pass 
roads, was opened by January 10th. It was not until January 15th that the last main 
road in Nebraska was cleared. But as we shall see, the task had been too great for 
the length of time available to accomplish it. Tremendous drifts 10, 20, and 30 feet 
deep and from 50 to 3,000 or 4,000 feet long covered highways and rail lines through- 
out the storm area. Most small equipment was unable to cope with drifts of such di- 
mensions. Moreover much of the equipment, being in a poor state of repair, had 
broken down one or more times and was out of service for various lengths of time. 
Private equipment that could be rented or contracted for was thrown into the job. 

During this period local distress conditions developed at various spots. We have 
already noted the necessity of supplying the stranded Union Pacific passenger train 
by air even before the end of the blizzard. The Mountain States Telephone and 
Telegraph Company used a special vehicle, the “snow buggy,” to bring hospital cases 
from isolated ranches and villages, and to deliver food and medicine in some unusual 
instances. By January 11th an airlift was being used to supply vitally needed com- 
modities of various sorts to numerous towns and ranches in western Nebraska. Any 
distress conditions that arose were attributable to an inability to do without trans- 
portation, for whatever reason, for a period of 10 days or less. 
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Considering the size of the area, the number of distress cases was small. Almost 
all ranches had sufficient supplies of food, feed, and fuel to sustain themselves for a 
ten day period. Most villages and towns were able to supply themselves with ev- 
erything that was needed from local stocks, and the majority of distress cases that 
developed resulted from shortages of one or two specialized items, generally of small 
bulk. 

As road after road was opened, however, the number of these “emergency” situ- 
ations decreased, and finally in Nebraska the period of emergency was declared to be 
over. This was a reasonable and logical assumption, because any ordinary course of 
weather events would have seen the entire transportation network completely cleared. 
But, while the main roads had been opened for travel in the major storm areas by 
the 12th or 15th of January, practically no progress had been made in clearing minor, 
back roads, access roads to ranches, and ranch roads themselves. Warnings were 
already beginning to be heard that isolated groups of livestock on farms away from 
ranch headquarters were beginning to approach the end of their feed supply and 
that farmers would need assistance in opening roads to these cattle in order to re- 
plenish the feed stocks. Other ranchers had not anticipated feeding their cattle for 
long periods and had not laid in large stocks of feed, and they noted that it would 
be necessary to open their roads to enable them to replenish their feed supplies from 
outside sources. Nevertheless, the situation was not deemed serious since, despite 
the fact that all these minor roads were still closed, it seemed a safe assumption that 
all the equipment for road clearing could now be turned to the job of clearing these 
back roads, access roads, and ranch roads. 


THE LATER WINTER STORMS IN THE CENTRAL GREAT PLAINS: 
THE CRITICAL PERIOD 


The first general blow to this prospect occurred on January 17 when high winds 
caused extensive drifting in the Nebraska panhandle, northern Nebraska, and east- 
ern Wyoming. The area of drifting enlarged the next day. All roads in eastern 
Wyoming and all roads in Nebraska west of McCook and Broken Bow and north 
of Neligh and Bloomfield were closed (Fig. 4). The job of road clearing had to be 
started anew, and while the towns had all been opened to truck transportation during 
the intervening period many railroad branch lines had not been opened. By January 
22 many long stretches on the main roads had been opened though there were still 
sections where drifts covered the highway. But on January 22 redrifting occurred 
over extensive areas within the central storm zone. On January 24 a new snow- 
storm occurred in northeastern Nebraska and effectively disposed of the possibility 
of transferring equipment to the affected areas further west. During this week tem- 
peratures dropped to lows for the winter. Thus far we have mentioned only those 
events that were fairly widespread. Throughout this entire period there were local 
snowstorms and “ground blizzards”?° which would again block a few score or hun- 


20 “Ground blizzard” is a local term designating a storm which whips loose surface snow 
into the air, but is not accompanied by a fall of new snow. 
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dred miles of roads in some limited area, often times in areas where the main roads 
had been cleared previously. 

The following is a report from the Norfolk area of north central Nebraska, where 
conditions were unusually severe.” 

Though there were no extensive and heavy snowstorms even very light snows 
had a profound effect, because every ditch, hollow, and cranny was already filled 
with snow. New snow would blow over the surface until it came to one of the cuts 
along the roads and railroads excavated from previous storms; it would fill these 
with fresh snow. 

Storm on Jan. 9-10 Roads reopened Jan. 14 

“ “ “ 20 
(Except 150 miles) 
New snow blocked all roads Jan. 28 
500 miles reopened by * 2 
“ 31 (488 miles still blocked) 


*1 “Fighting Western Blizzards,” Roads and Streets, May 1949, 60. 
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All open by Feb. 9. 
Redrifting Feb. 10. 
Feb. 12—132 miles still closed. 

After drifting and redrifting had occurred several times, and after the snow had 
been pounded and packed by the wind the drifts became almost solid walls of ice, 
snow, and dirt. The early winds had removed all the snow from the upland sur- 
faces ; consequently, later drifts had a very considerable intermixture of dirt blown 
off these bare spots. Moreover, wedge-type plows, which simply pushed the snow 
off in piles at the side of the road, had been used extensively in clearing the roads 
after the first blizzards. After the cuts had redrifted and been plowed out once or 
twice there was no place beside the road to put any additional drifting snow there- 
after. This combination made ordinary, light, snow-moving equipment practically 
useless. It was extremely hard on even the best and heaviest equipment. Blades on 
rotary plows would break against the ice formations. Transmission systems on bull- 
dozers and plows would be torn out. The railroads reported several instances where 
livestock had sought shelter in a cut, died, frozen, and been buried by drifting snow. 
When rotary plow blades struck these carcasses it was like encountering a boulder, 
and another plow would be out of service for a time. Sometimes drifts would be so 
solid that even heavy bulldozers would scrape futilely across the surface. The rail- 
roads discovered that in many places flame throwers were the most feasible equip- 
ment for removing the walls of snow and ice, and several dozen of them were in use 
on the various rail lines. In other places it was necessary to use small charges of 


dynamite in order to loosen the solid ice masses. 


The Nature of the Emergency 


As we have noted in the previous sections, emergency situations which developed 
prior to the middle of January were isolated instances that resulted from an im- 
mediate need for transportation. But as the period of time without transportation 
lengthened the dimensions of the problem increased rapidly. As day after day and 
ultimately week after week passed with never more than partial clearing of the trans- 
portation lines more and more hamlets and, especially, isolated ranches began to 
feel the necessity of replenishing stocks of one item or another. This was the true 
nature of the emergency that arose. 

The preponderance of the shortages were made up of three commodities—live- 
stock feed, fuel, and food. Livestock feed was by far the most serious shortage. 

The nature of the problem of livestock feed shortages was misunderstood at the 
time and the error has persisted. The crux of the error will be more apparent if it 
is understood that at no stage in the later storm period were there any serious local 
shortages of livestock feed anywhere. The problem was not one of importing live- 
stock feed into a particular area, but of distributing it within that area. The difficul- 
ties arose from the closing of all local transportation lines and not from the closing 
of interregional highways. The difficulties arose in moving the hay from the hay- 
stack to cattle a mile or two away, or in transporting it from a town to a ranch a few 
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miles out in the country. This point is stressed because many of the so-called relief 
measures taken showed a complete misunderstanding of the nature of the problem. 
Hay was flown into Wyoming by the Army Air Force from as far away as Kansas to 
help the unfortunate ranchers of Wyoming, who then had no way of moving the hay 
from the airport to their ranches a few miles away.” Arrangements were made for 
long distance haulage of hay by rail into storm areas, and much of it was stacked 
near the sidings and remained there. Truckers and speculators bought hay in large 
quantities at high prices and trucked it into the “disaster” areas only to find in many 
cases that other truckers were buying local hay and hauling it back over the same 
route to alleviate supposed shortages in the first area. Many of the hardest hit 
counties exported almost as much hay as they imported during January and Febru- 
ary.* Much of the hay that was thus transported was never sold, or was sold at 
considerable loss to the seller. During the summer of 1949 huge piles of this baled 
hay offered clinching evidence of the fact that once local roads were open no market 
existed for imported hay. 

The farm fuel shortages resulted from the recent widespread conversion of farm 
heating and cooking units to imported fuels. Local, indigenous fuels could no longer 
be utilized ; hence the need for transport connections with the cities. 


The Blizzard Relief Measures 


As soon as redrifting had started in any area on an extensive scale it became ap- 
parent that unless weather conditions changed markedly for the better there was 
absolutely no hope for a general clearing of all the transportation routes in this 
region. And a change in the weather was not an eventuality that could be relied 
upon. It became necessary to establish some sort of area-wide coordinating body to 
allocate equipment to those areas where it was needed most urgently and to give fi- 
nancial assistance in sustaining those operations. 

In Wyoming the magnitude of the storm of January 2-5 and the short period of 
good weather following the storm had, comparatively early, convinced people with 
long experience with the weather of this region that emergency situations were cer- 
tainly going to arise. After a day or two of discussion with various citizens the 
Acting Governor of Wyoming, A. G. Crane, issued a proclamation on January 8 
declaring that an emergency existed.** A State Emergency Relief Board was ap- 
pointed to deal with special problems as they arose. Radio broadcasts were initiated 
urging people faced with an emergency situation to telephone the Board office in 
Cheyenne. 

At first the board was handling largely individual, special emergency cases, i.e., 
make arrangements to move isolated hospital cases to a hospital, assist a rancher 


22Wyoming State Tribune, January 28, 1949. 
23 Unpublished, unpaged, preliminary reports to the chairman of the Wyoming State Emer- 
gency Relief Board: Mr. Russell Thorp, Chairman. Hereinafter referred to as Preliminary 
Report. 
24 See Wyoming State Tribune, various issues January 8-20. 
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to bring his cattle to a point where they could be fed or watered, procure and de- 
liver emergency feed to a rancher, and similar circumstances all having the char- 
acteristic of being sudden emergencies which would not permit of any wait for the 
opening of regular transportation lines.”* 

It was not until the snows and blows began about a week after the January 2-5 
blizzard that the situation began to take on a more serious aspect, and the Board 
found the scale of its operations increasing greatly. As successive counties began to 
be seriously affected local county emergency boards were established consisting of 
a county commissioner, a resident employee of the Wyoming Highway Department, 
the County Agent, and a Red Cross representative. This board coordinated the 
work within the county and furnished liaison work with the State Board which di- 
rected the general, over-all work. . 

The Board was faced with the probability that there would not be a general 
freeing of the transportation network. But the need for transportation was not 
everywhere the same. Localized emergency conditions developed first in one area 
and then in another. A unique plan for dealing with these localized emergencies was 
worked out. This was the convoy system, and it proved to be singularly effective. 
Each convoy consisted of one or two big plows or bulldozers and a group of trucks. 
The greatest single item hauled was feed for the isolated livestock ; but food or any 
other items that might be needed by the ranchers along the route was carried also. 

Plows or bulldozers would go ahead clearing a path for the trucks to the ranches 
where the feed or supplies were dropped at some point where the rancher and his 
cattle could get to them. In the majority of instances it was necessary for the plows 
to reopen the road for the trucks on the way back.”® Most of these trips were one- 
day or half-day runs, but occasionally one would take two or three days to complete. 

Meanwhile it had become obvious that the light and meagre state and county high- 
way equipment was totally inadequate to cope with the tremendous drifts. What 
was needed was big equipment and more of it. On January 16th the Acting Gov- 
ernor of Wyoming wired the Wyoming senators in Washington “asking whether 
any heavy snow removal equipment was available for grant, rental, lease, or pur- 
chase.”** This incident is an excellent one to give a true perspective both on the 
views that were held with regard to the storms and the seriousness of the situation 
at the time. The U.S. Public Roads Administration succeeded in locating 60 pieces 
of Army equipment at Ogden, Utah, which could be released as soon as an emer- 
gency proclamation had been made by the governor.”* But since the weather mod- 

26 Ibid. 

26 Perhaps some notion of the severity of conditions during this period can be gained by 
noting that so rapid was redrifting in some instances, that convoys attempting to return to the 
base of operations found that drifting had been so extensive that the convoy itself was stalled 
and in turn had to be liberated by more powerful snow moving equipment sent out from the 
base of operations. 

21 Preliminary Report. Wyoming U. S. Senators to Emergency Relief Board. 

28 Tbid. 
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erated slightly at this time the governor waited until January 21 before issuing the 
proclamation. 

On the same day Governor Val Peterson of Nebraska met with the state legis- 
lature to discuss action. On the 23rd of January he told the legislature that he was 
going to ask a special appropriation for acquiring road equipment, and two days 
thereafter on January 25 an appropriation of a half-million dollars was made. Wy- 
oming had been a little earlier with similar appropriations. On January 18, the 
Wyoming legislature had appropriated $200,000 for emergency storm relief ; that is, 
for renting and operating road clearing equipment and meeting the cost of the con- 
yoys. Of the total expenses incurred in fighting the storm conditions the state paid 
60 per cent and the counties, 40 per cent. ’ 

It would not be worthwhile to review here all the governmental action (state and 
national) that was taken to assist with the relief work. Suffice it to say that a reso- 
lution was introduced into Congress on January 24 authorizing the Bureaus of Land 
Management and Reclamation to expend $500,000 for relief work, and this shortly 
made a large amount of heavy equipment available. The Forest Service loaned 
some of its heavy equipment. Congress appropriated a total of $41,300,000 for 
emergency relief work throughout the West. 

The biggest single operation, however, was set in motion on January 29 when 
President Truman (aiter several days of temporizing measures by various branches 
of the federal establishment in Washington, which were the subject of considerable 
adverse comment in the Nebraska press) “ordered the Secretary of Defense to use 
whatever money and other resources were ‘appropriate’ for relief purposes.””® 

The Army activities were in charge of Maj. General Lewis A. Pick of the Fifth 
Army; they were designated “Operation Snowbound.” The Army operations were 
in part based on Army equipment, but mostly on the equipment of private con- 
tractors. 

Every contractor in the Missouri Valley known to have equipment suitable for 
moving snow was asked to supply his equipment and personnel under contract to 
participate in the road clearing operation. By February 3, “673 bulldozers, 123 
snow plows and patrols, and 116 Army weasels were either at work in the snow- 
bound area or on their way.”*° After only four days of operations (Feb. 4) accord- 
ing to Army figures over a half-million cattle. had been given access to feed and 
slightly under 10,000 miles of road had been opened. By February 15 most roads 
throughout the entire storm area were open and by February 22 the operation was 
almost completed. The worst winter in the history of the central Great Plains was 
over. 


THE FEBRUARY BLIZZARDS OF SOUTH CENTRAL WYOMING 


Meanwhile, in the Wyoming Basin to the west of the Laramie Mountains a new 
blizzard area had developed. This section had been relatively unaffected by the ear- 


= — World Herald, Special Edition, “Operation Snowbound,” February 1949, 2. 
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lier storms. A few minor ground blizzards and snowstorms had swept over the 
area, but they had caused no serious interference with ranching operations or with 
transportation. The great blizzard of January 2-5 had covered the Laramie area, 
but its influence did not extend farther west. 

On the night of February 5 light snow and high winds began to pile huge drifts 
over the transportation lines of south central Wyoming. The amount of snow that 
fell was not very great, but the high velocity winds quickly piled it into drifts. Blow- 
ing and snowing continued on February 6 and by noon all transportation lines were 
closed. By February 7 about a thousand rail passengers and several hundred mo- 
torists were stranded in Laramie, Wyoming. By the next day almost 4,000 pas- 
sengers were stopped in 28 trains held at Laramie, Cheyenne, Rawlins, Hannah, and 
Green River, Wyoming. On February 9 it became clear that the Union Pacific’s 
main line was not likely to be opened soon, so trains held at Cheyenne and Laramie 
were backtracked and sent west over the Denver and Rio Grande Western lines to 
Salt Lake City. Two airlines ran special flights out of Rock Springs to take out 
rail passengers who wished to proceed by plane. 

The storms of southern Wyoming had several unusual aspects. First, the winds 
during this period were of extraordinary velocity and persistence. From February 
6 to 17 there were almost constant high winds interrupted only by short, rare breaks 
of comparatively calm weather. Moreover, the winds were prevailingly from south 
or southwest instead of from the north and northwest as is the more usual situation. 
The snow fences, thus, were on the wrong side of the transportation lines to help 
prevent drifting across the rail or highway lines. In this land of bright sunshine a 
small break in the weather is sufficient to cause melting of the surface snow and the 
formation of a hard crust. During this storm, however, no such break occurred and 
the surface snow remained dry and loose so that any wind would send it swirling up 
in a ground blizzard. 

From February 6 to 17 all transportation lines remained closed. The drifting 
was so strong and persistent that on most days all roads cleared were drifted shut 
again within a matter of minutes. Moreover, on several days the combination of 
low temperatures and high wind velocities made it impossible for workmen to endure 
exposure in the open for more than a short time.** 

Many of the situations that developed during these storms were very similar to 
those already described for the Great Plains area to the east. The problem of get- 
ting feed to isolated livestock on the range developed here. Emergencies occurred 
on isolated ranches. But some of the contingencies that arose were peculiar to this 
area. This is not a section in which much winter feeding of livestock is practiced, 
and local sources of feed are limited. This was the one area where it was necessary 
to import feed supplies when the range forage became covered with snow. Hay was 
imported by both truck and rail from northern and southeastern Wyoming, but the 
quantities shipped were excessive and much of it was never sold. 


31 Preliminary Report, Union Pacific Railroad to Emergency Relief Board. 
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Because of the relatively long period of complete isolation and the significant in- 
crease in the population of Rawlins due to the large number of stranded travelers, 
a shortage of fresh meat threatened to develop. The Red Cross made arrangements 
to have a load of fresh meat flown in from Denver. This averted an impending or 
threatened shortage rather than an actual shortage.* 

Some of the large freight trucks and rail freight cars stalled at various points in 
south central Wyoming were loaded with perishables in danger of freezing. At- 
tempts were made to import charcoal by air for heating Pacific Fruit Express cars, 
but the attempts were unsuccessful because of the weather. Two large trucks loaded 
with $40,000 worth of turkeys were stranded in southwestern Wyoming. 

No really serious situations developed in this area because the intense blizzard 
conditions modified just before problems became acute. The storms did not start 
until February 5 and although the weather was extremely bad almost continuously 
until February 15, it moderated greatly thereafter. No further redrifting occurred. 
The Army and Bureau of Land Management rushed in with large amounts of heavy 
equipment. Road clearing proceeded apace. The next few days saw warm weather 
and chinook winds greatly reduce the blanket of snow on the range so that livestock 
could begin foraging for themselves. 

The greatest characteristic of this storm was its intensity over a considerable 
period of time. No transportation line could be kept open for any length of time. 
The storm caused the longest interruption of service in the history of the Union 
Pacific railroad. It was completely closed across this region for 14 consecutive days. 


OTHER STORMS OF THE GREAT PLAINS AREA 


During January while the heavy snowfalls and the raging blizzards of the central 
Great Plains area were receiving the major headlines, a series of relatively unpub- 
licized storms, causing enormous economic loss, occurred in the southern Great 
Plains. They were a series of massive sleet storms. The relatively small amount of 
national attention they received may be partly attributable to their having caused 
little danger or loss of life to the population, but also because the tremendous finan- 
cial losses were sustained by a relatively few private companies. Most of the sleet 
storms occurred in the territory of the Southwestern Bell Telephone Company and 
were “the costliest and most extensive catastrophe in that company’s experience.”** 

Fig. 5 shows the principal areas affected and the dates of the heaviest storms. 
Two major storms occurred, but other minor, localized storms also struck the same 
general area at other times. 

The greatest damage in west Texas was caused by a freezing rain and sleet storm 
lasting from January 9 to 13. The sleet storm of January 24-27 was most intense 
in northeast Texas and eastern and southern Oklahoma. The extent of the damage 
in the Dallas-Forth Worth area was described as “fantastic.” 

Within these areas a thick glaze of ice covered the ground, highways, communi- 


52 Preliminary Report. National Red Cross to Emergency Relief Board. 
33 J. S. Bradley, op. cit., 72. 
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cation lines, and power lines. The principal results of the storm were damage to 
power and communication lines—hundreds of towns were without telephone, light, 
and power service for a few days—light loss of cattle, necessity for increased feeding 
of cattle, and some damage to grain crops.** 


AN APPRAISAL OF THE EFFECTS OF THE STORM 


During the storms of the winter of 1948-49 there was lively discussion on the 
radio, in the press, and among individuals as to the effects (mostly economic) of 
these storms. A great many extravagant statements both specific and general were 
made about the effects of the winter which, since they were made as factual state- 
ments, have been widely accepted. Obviously, however, such statements and predic- 
tions could be based on little except the impressions of individual observers, based 
on limited personal observations or a few scattered reports. As soon, however, as 
the stringent conditions ameliorated and the emergency situations were resolved, 
the attention of the Press and Radio turned to other things. Consequently, no com- 
prehensive reports were ever issued about the losses from the point of view of subse- 
quent conditions, and after sufficient time had elapsed to.gather and collate a large 
body of data. However, interested organizations have collected such material on 
certain aspects of the economy and organization of the area. The purpose here has 
been to gather these reports together and to supplement them with a wide range of 
interviews to try to gather a comprehensive picture of the overall effects of the 
storms. 


Costs of Transportation Maintenance 


The greatest single expense attributable to the storms was incurred in trying to 
open and keep open the transportation lines of the area. 

Nebraska’s road clearance costs were approximately eight times the annual av- 
erage. For the five year period 1943-48 the Nebraska Department of Roads and 
Irrigation had an average expenditure for snow removal of approximately $157,000. 
The highest previous figure had been $270,000 in the winter of 1935-36. In con- 
trast, for the winter of 1948—49 bills for snow clearance totalled $1,239,000.*° This 
figure exceeds four times the previous high expenditures for road clearance. It was 
almost a million dollars more than the greatest previous winter’s expense for snow 
clearance. But this was only part of the total road clearing costs. The Omaha 
World Herald stated that Operation Snowbound cost “several million dollars.”™ 
Approximately 50 per cent of this total could be assigned to the state. of Nebraska 
alone, thus doubling or tripling the total costs for road clearance. 

Wyoming’s State Highway Department spent $618,000 on snow removal during 
1948-49 ; as contrasted with normal expenditures of approximately $265,000. Total 


34 Monthly Weather Review, LXXVII, No. 1 (Jan. 1949), 72. 

85 These figures courtesy of Mr. John McMeekin, Engineer, Nebraska Department of Roads 
and Irrigation. 
36 Special Edition, of. cit., 14. 
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additional expense to the Highway Department alone was, thus, about $350,000, 
But this does not represent total expenditures for road clearance ; Operation Snow- 
bound covered all of eastern Wyoming at, of course, enormous additional expense, 

The Bureau of Land Management operated in Montana, South and North Da- 
kota, Nebraska, and Wyoming. Reclamation, the Park Service, and Forest Service 
were active in local areas. In Wyoming, the total cost to all these organizations was 
$169,000.*7 Since the Bureau of Land Management was most active in Wyoming, 
costs in other states were considerably less. 

The other affected states reported expenditures not greatly different than normal. 
This may be due in considerable part to the fact that during much of the worst 
blizzard periods in North and South Dakota, Operation Snowbound shouldered 
much of the expense. Kansas reported that snow clearance problems occurred there 
only after the first blizzard of the winter on November 18 and 19.** 

County expenditures for snow clearance were also much higher than usual, but 
it is difficult to arrive at the excess expenditures. Many data exist as to the actual 
cost of operations, but there is little comparative information concerning costs in 
previous years. Also, county figures usually include the cost of purchases of new 
equipment, some of which were long overdue and all of which will be useful for many 
years in the future. The author has calculated roughly that the additional cost to 
all the counties in the storm area as compared with an average winter was probably 
about a half-million dollars. 

The people of the Great Plains region paid out approximately $2,000,000 more 
for highway snow clearance during 1948-49 than in the average year. This figure 
would vary up or down perhaps 20 per cent depending upon the interpretation of a 
considerable variety of factors. 

The figure above is the excess cost to the local citizenry and not the total ab- 
normal expenditures. The total expenditures by federal agencies may have been 
greater than those of all local governmental units, which would far more than double 
the total excess expenditures. 

Since the largest single expenditure was for Operation Snowbound, it may be 
pertinent to note certain widespread reactions of people in the storm area, that were 
reiterated time and again in interviews. The author was warned not to “fall for the 
Army propaganda.” He was assured that ranchers in the storm areas would have 
and were managing quite satisfactorily without any assistance from the Army in 
road clearance work. The second widely held point of view was that local highway 
maintenance units and the national civilian agency units were far more efficient and 
actually accomplished much more in road clearing than did Army personnel and 
equipment. One local report expressed a widely held point of view when it said: 
“We recommend that any future emergencies be taken care of locally. We feel that 
this would result in a cheaper operation and a more satisfactory program to all con- 
cerned.” However, it must be remembered that the Army did clear over 100,000 

37 Preliminary Report, Report of the Bureau of Land Management to Wyoming Emergency 


Relief Board. 
38 “Fighting Western Blizzards,” op. cit., 63. 
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miles of road which would otherwise have had to be cleared by the already over- 
strained local equipment, and that to the local people the situation does not look so 
serious in retrospect as it did when Operation Snowbound began. Essentially, the 
main assistance of the Army was financial since the private equipment furnished by 
the Army could, presumably, have been rented by the local governmental agencies 
had they been willing and able to assume financial obligations. 


Railroad Maintenance Costs 


The difficulties and expenditures incurred by the railroads of the area during the 
winter of 1948-49 were the greatest in their history. The total cost to the Burling- 
ton system alone was $1,100,000, and this figure does not include the revenue losses 
due to inability to move trains.*®° Expenditures on the Union Pacific were probably 
larger than those on the Burlington system, while the Northwestern’s excess ex- 
penditures were probably somewhat smaller.*° 

All of these expenditures were not the result of the blizzards. The third largest 
item of expense was for repair of damage to communication and signal equipment ; 
but this damage resulted from the sleet storms and snows of the fall and early winter 
of 1948, not during the great blizzards of 1949.41 The largest expenses were for 
maintenance forces worked overtime and for work train expenses. 


Loss of Life 


The reports on deaths attributable to the storms were very unreliable. The error 
is toward reporting greater death losses than the facts warrant. Any death which 
may in any way be connected with the storm is reported as a “storm death loss.” 
For example, one of the “storm victims” reported in Wyoming was a very elderly 
man with a bad heart, who died of a heart attack after shoveling his sidewalk. 

Though the most careful review of published reports on storm losses was made, 
it is impossible to be certain exactly how many there were. It appears, however, 
that between 30 and 35 deaths were attributable directly to storm conditions over the 
entire Great Plains region throughout the winter. 

The largest single group of victims were those who died of exposure after their 
automobiles became stranded on the highway, and the larger number of these left 
their automobile seeking shelter. 

Deaths due to accidents while clearing transportation lines were probably next 
most numerous. Five workers on the Union Pacific alone lost their lives in various 
accidents during snow clearance work.*? 

Persons on foot far from any habitation at the outset of a major storm and people 

3S. L. Fee, op. cit. 

*° It is of interest to note that during the height of the storms when the railroads were ex- 
pending thousands of dollars per day trying to maintain service, that certain political figures 
made public requests to the railroads to reduce their charges (as much as one-half on feed 
shipped into the storm areas and livestock shipped out). 

“1S. L. Fee, op. cit. 
an Preliminary Report, Report of the Union Pacific Railroad to State Emergency Relief 
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killed in automobile accidents on ice-glazed highways after sleet storms added sig- 
nificantly to the death toll. 

As compared with other catastrophes, however, the loss of life was not great. 
During the same month of January, 1949 when the blizzards of the Great Plains 
were at their height, a single tornado killed 57 people in two counties in Arkansas, 


Effects on the Livestock Industry 


Livestock losses in the Great Plains area were much heavier than normal, but 
they never approached the losses which were reported and predicted at the time 
of the storm, nor were the long-range effects on the livestock industry as severe as 
was predicted during the storm period. On January 24, 1949 one paper carried 
the following quote which was typical of those appearing in all the nation’s press. 
Livestock “loss estimates ranged between 40 and 60 per cent.”** Or with regard 
to the long-range effects: “Ranchers term the situation a ‘disaster’ and they estimate 
that it will take from 10 to 25 years for the livestock herds in the state to be replen- 
ished.””** 

The Cheyenne office of the Bureau of Agricultural Economics through a special 
appropriation was able to make an extremely careful survey of livestock losses in 
Wyoming. 

The conclusions reached were that the loss of cattle had been about double the 
average winter loss and the loss of sheep had been about 50 per cent greater than 
usual. But the average winter loss of cattle is less than 2 per cent and the average 
winter loss of sheep is between 5 and 6 per cent.*® 

In the 14-county area of Wyoming affected by unusual storms the total loss was 
32,000 cattle and calves and 125,000 sheep. For the state as a whole the losses for 
the entire winter were 4.1 per cent for cattle and about 7.4 per cent for sheep.“ 
This is a heavy loss of livestock, but viewed in the light of losses sustained in an 
average winter it is not quite so startling. 

A survey made by the State Brand Inspector’s Office of Nebraska did not at- 
tempt the total winter’s losses of livestock, but did ascertain losses directly attrib- 
utable to the great storms of January and February. 

The results of their investigation indicated a loss of cattle directly attributable 
to the storms of about 65,000 head.** This represents a loss of about 2.5 per cent 
of the total cattle of the state. 

Normal winter loss of cattle in Nebraska is about 2.5 per cent; it has been es- 
timated that total winter losses in 1948-49 (in contrast to losses attributable directly 
to the storm) were around 5 per cent.** 

43 Omaha World-Herald, January 24, 1949. 

44 Wyoming State Tribune, January 26, 1949, AP dispatch. 

45 “Special Wyoming Livestock Loss Report,” Mimeographed release, June 10, 1949. Of- 
fice of the Agricultural Statistician, Cheyenne, Wyoming. 

46 Ibid. 

«" Figures furnished by Mr. John Hay, State Inspector’s Office, Alliance, Nebraska. 

48 Interview: Mr. A. E. Anderson, Agricultural Statistician in Charge, B.A.E. Office, 
Lincoln, Nebraska. 
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South Dakota with much fewer cattle had a smaller total number of livestock 
deaths, but the percentage loss was only slightly less. Total losses directly attribut- 
able to the storms were about 2 per cent. Colorado had only slight losses directly 
attributable to storms ; almost all these deaths occurred during the blizzard of Janu- 
ary 2-5 and amounted to 3,000 cattle and 2,000 sheep.*” 

’ The total cost of the storms to ranchers, however, cannot be measured solely in 
terms of death losses. Some livestock had to be sold (though not at abnormal dis- 
counts) because they had been injured or frozen. The calf crop in the spring was 
probably adversely affected, though this is impossible to measure. 

For many stockmen who found it necessary to buy large quantities of additional 
feed, the cost of carrying livestock over the winter was abnormally high. Moreover, 
during very cold or inclement weather shrinkage losses in a herd are much higher 
than usual. 

Owners of many ranches, but especially the larger ranches, had an additional 
source of expense in hauling feed and breaking trails for livestock within the borders 
of their own ranches. One large Wyoming sheep ranch lost practically no stock, 
but a total of $2,000 was expended in breaking trails and hauling feed for the sheep. 
A Nebraska cattle rancher bought a large bulldozer for trail clearing. Many other 
ranchers either bought or rented lighter equipment or hired the work done. 

Though reports to the contrary were numerous and widespread, very few ranch- 
ers suffered catastrophic losses. The largest single loss of which the author ob- 
tained personal knowledge was an entire band of 1,300 sheep; but this represented 
only 15 per cent of the total sheep owned by the ranch. Percentage figures are more 
significant. As we have seen, average percentage losses were not large; and, as 
nearly as could he established by non-systematic interview, cases of serious percentage 
losses were few throughout the entire storm area. 

Despite the dire predictions for the future of the livestock industry, the total 
effect seems to have been small. A warm, moist spring and early summer resulted 
in a rapid recovery of the industry. By early summer the Department of Agriculture 
livestock reports had ceased to make any reference to the remaining effects of the 
winter's storms. Judged from the perspective of less than one year the storm 
losses shrink to the proportions of a mere minor disturbance in the ordinary opera- 
tions of the livestock industry of this region. 


Effects on Wildlife 


Two types of wiidlife were depleted as a result of the blizzards—antelope and 
pheasant. The antelope losses occurred largely in the Red Desert area of south 
central Wyoming. Antelope are affected by storms in much the same way as cattle. 
Some of them, drifting before the storms, migrated scores of miles south into Colo- 
tado. So great was this movement. that in 1949 there was an open season on an- 
telope in Colorado whereas the Red Desert area was closed to hunting in 1949. This 
is in contrast with the previous year when 10,000 antelope permits were issued for 


* Monthly Weather Review, LXXVII, No. 1 (Jan., 1949), 26. 
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and 2,000 head.*” Losses result mainly from freezing and starvation. Feeding an- 
the area. The death ioss reached at least 700 and was very probably between 1,000 
telope is almost impossible under blizzard conditions, because when the bales of hay 
are opened the high winds scatter the feed so much as to make it almost worthless, 
However, some greater success is attained by feeding with concentrated feeds. 

Pheasant losses in eastern Wyoming and adjacent parts of South Dakota and 
Nebraska were high. The distribution of losses was very spotty. In Goshen county, 
eastern Wyoming (where storm conditions were particularly intense) losses were 
about two-thirds of the total bird population. In other areas losses ran from 35 to 
50 per cent, while some areas which experienced one or more severe blizzards had 
losses no heavier than normal. 


Effects on Power and Communication Lines 


The financial losses sustained by the Bell Telephone system for repairing sleet 
storm damage were many times greater than those incurred by any other private 
company from any effect of the storms. In the central Great Plains area, the No- 
vember and December sleet storms did extensive damage to telephone lines, power 
lines, and railroad communications systems. The total losses to the telephone com- 
panies of the Bell system exceeded a million dollars. But the really great losses were 
to Southwestern Bell and the Long Lines Department of American Telephone and 
Telegraph Company. Total losses to the system exceeded $10,000,000.*' 

Few data are available concerning power company losses; but from the frag- 
mentary evidence available it appears that costs of repairing power line damage was 
approximately one-third that of the telephone losses. For many of the small power 
companies and rural electrification projects the losses involved in repairing equip- 
ment were so great as to change their financial condition from favorable to unfavor- 
able, or, at least, to wipe out surpluses or greatly reduce the probability for any re- 
duction of rates for a matter of several years. 

Almost all the damage to power, telephone, and railroad communication lines oc- 
curred during sleet, freezing rain, or wet snow storms. The gales and blizzards had 
little effect on these installations, and may have proved an asset to the telephone 
companies in those areas by increasing revenue because of the great increase in tele- 
phone calls, both local and long distance. 

50 Wyoming State Tribune, April 19, 1949. 

51 J. S. Bradley, op. cit., 66. 
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FREQUENCY AND PHYSICAL EFFECTS OF CHINOOK 
WINDS IN THE COLORADO HIGH PLAINS REGION 


RONALD L. IVES 
Indiana University 


INTRODUCTION 


Preliminary Statement 


tistical investigations of chinook winds and their effects from 1930 through 

1948. Field observations in Colorado were made during the years 1932- 
1937, and 1939-40, inclusive ; and were augmented by numerous aerial observations 
from 1940-1946. Some library investigations were conducted collaterally during 
the entire period ; and statistical investigations were made in large part during the 
period 1946-1949, inclusive. 

Information contained in this report should be regarded as of “second approxi- 
mation” accuracy. Further studies, which seem very desirable, will apparently not 
be productive of greater refinements of theory until more continuous long-term 
observational records become available; and these records, if and when collected, 
will supply only the “second significant figure” which is now not known with any cer- 
tainty. 


Ts paper is a summary of the findings made during field, library, and sta- 


Terrain Summary 


The Colorado high plains region comprises almost the entire eastern half of 
Colorado, a mountains and plains state which straddles the Rocky Mountain-Great 
Plains contact in the west-central part of the United States (Fig. 1, top). For the 
purposes of this study, Colorado may be divided into two regions—the high plains ; 
and the mountains and parks (Fig. 1, bottom).* 

The division between High Plains and Mountains coincides in many places with 
both the 5,500-foot contour and the outcrop of the Dakota (Cretaceous) Sandstone, 
and is bordered on the west by upended red beds, which form the Flatirons at Boul- 
der, and the Garden of the Gods, near Manitou. 

Although this investigation is primarily concerned with chinook winds in the 
high plains region, the proximate source of many of the chinook effects is in the 
mountains, just west of the plains, so that a brief summary of mountain terrain is 
desirable. 

The mountains of Colorado are divided into a number of ranges, most of which 


* More detailed cartographic information may be found in any standard atlas; or in:— 

Erwin Raisz, Landforms of the United States, Cambridge, 1939. 

U. S. General Land Office, State of Colorado, 1 in.=12 miles, Washington, 1934. 

U. S. Coast and Geodetic Survey, Sectional Aeronautical Chart, 1/1,000,000, Sheets WAC 
506, 361, and 362: United States Sectional C. harts, 1/500,000, sheets Cheyenne, Denver, Trinidad, 
Salt Lake City, Grand Junction and Grand Canyon: Washington, current edition (These maps 
are revised and reissued on an approximately annual basis). 
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Location and physical subdivisions of Colorado. Location of state is shown at 
top: subdivision into mountains and parks and high plains is shown at bottom. Locations of 
principal weather stations are included in the state map. 
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have a meridianal trend. Crest lines of the major ranges, of which there are more 
than a dozen, exceed 13,000 feet in height. All of the major ranges, and many of 
those of lesser magnitude, were deeply sculptured by glacial ice during the Pleisto- 
cene. A few support small glaciers today.? 

Altitude relations along a common Chinook trajectory are shown by the topo- 
graphic profile comprising Fig. 2. This, based on maps by the U. S. Geological Sur- 


PROFILE ACROSS COLORADO AT LATITUDE 39°30’ NORTH 


i ° STATUTE MILES 100 EasT 
i 
3 w FH} 4 PREVAILING WINDS 

107" 


Fic. 2. Terrain profile across Colorado from west to east at Latitude 39° 30’ north. In- 
tersections of meridians through important weather stations with section plane are designated by 
name of station. 


vey and the U. S. Coast and Geodetic Survey, gives, within the limitations imposed 
by seale, a fair picture of terrain ; but does not show the effective aerodynamic profile 
accurately, because the steplike valley floors, resulting from glacial erosion, com- 
plicate air flow in and across the Colorado Rockies. 

The plains area is characterized by gently rolling hills, separated by broad, flat- 
floored, alluvium-filled valleys. Where water is available, and caliche is absent, 
irrigation farming is highly productive. It is in the high plains area, near the foot- 
hills of the Front Range, that chinook winds are most often observed. 


*For map of principal mountain ranges see R. L. Ives, “Weather Phenomena of the 
Colorado Rockies,” Journal of the Franklin Institute, CCXXVI, 1938, Fig. 1. 

Geological features of this area are not pertinent to this study, but are described in any 
standard work on historical or areal geology. More detailed information can be found in 
R. L. Heaton, “The Ancestral Rockies and Mesozoic and Late Paleozoic Stratigraphy of the 
Rocky Mountain Region,” Bulletin of the American Association of Petroleum Geologists, XVII 
(1933), 109-168: and T. S. Lovering, and F. M. Van Tuyl, “Physiographic Development of the 
Front Range,” Bulletin of the Geological Society of America, XLVI (1935), 1291-1350 (Highly 
controversial, but containing undeniable elements of correctness). 

Glacial features of parts of this area are described in Kirk Bryan, and L. L. Ray, “Geologic 
Antiquity of the Lindenmeier Site in Colorado,” Smithsonian Miscellaneous Collections, XCIX, 
No. 2,99 p. R. L. Ives, “Glacial Geology of the Monarch Valley, Grand County, Colorado,” 
Bulletin of the Geological Society of America, XLIX (1938), 1045-1066: “Glaciation in the 
Silver Lake Valley, Colorado,” in preparation: “Glaciation in the Colorado Headwaters Area, 
Colorado,” in preparation. W. D. Jones, and L. O. Quam, “Glacial Land Forms in Rocky 
Mountain National Park, Colorado,” Journal of Geology, LIT (1944), 217-234. 
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Fic. 3. Climatic charts for selected Colorado stations. Data from U. S. Weather Bureau. 


Climatic Summary 


The climate of Colorado is substantially normal for an area of considerable relief, 
in middle latitudes, located far from the sea. According to the Trewartha modifica- 
tion of the Koppen climatic system, the plains area of Colorado has a middle latitude 
steppe (BSk) climate, and the mountain and park portion is listed as undifferen- 
tiated highlands,® a noncommittal procedure made necessary by the presence of nu- 
merous micro-climates, some in areas of small extent and great physiographic com- 
plexity.* 


3G. T. Trewartha, An Introduction to Weather and Climate, New York, 1943, end plates. 
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Good working summaries of the climate of Colorado have been published by the 
U. §. Weather Bureau and by the U. S. Department of Agriculture.’ A  satisfac- 
tory general rainfall map of the state, based on U. S. Weather Bureau observations, 
has been published by the State Planning Commission.® More detailed information 
is given by the monthly and annual Climatic Summary sheets, Colorado Section, 
prepared by the U. S. Weather Bureau. 

Climatic charts for selected stations along and near the profile section (Fig. 2) 
comprise Figure 3 and effectively demonstrate the considerable month-to-month 


Fic. 4. A typical ventifact on the Colorado plains northeast of Boulder. Pitting and 
fretting of the western edge of this boulder of Dakota sandstone indicates that the wind, during 
the life of the rock surface, was predominantly from the west. 


change in temperature and rainfall. They do not, however, because of the inherent 
limitations of the averaging process, show the year-to-year variations for recurrent 
time intervals (such as one month). Diurnal temperature ranges are considerable, 
exceeding 30° F. for many days annually at many stations; and rainfall variability 
is comparably great. 


* Rudolf Geiger, (Leighly translation) The Climate of the Layer of Air Near the Ground, 
Grand Rapids, 1943. 

R. L. Ives, “Atypical Subalpine Environments,” Ecology, XXIII (1942), 89-96: “Botanical 
Indicators of Air Drifts,” Ecology, XXVIII (1946), 364-370. 

51941 Yearbook of Agriculture, Climate and Man, Washington, 1941, 798-809. 

* Rainfall Map of Colorado, Denver, 1936. 
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Because much of the mountain area is unpopulated, and the plains have only 
widely-scattered settlements, weather stations are few and far between in most 
parts of Colorado. Interpolation between stations being valid only when there js 
no great terrain difference between them, local field evidence, in the form of venti- 
facts’ (wind-etched rock surfaces) (Fig. 4), and of “timberline trees” (Fig. 5), was 
found most helpful in determining wind directions far from regular weather stations, 

In many of the smaller communities in the plains area, and in a few settlements 
in the mountains, records have been kept by cooperative weather observers. These, 
obtainable from the U. S. Weather Bureau, are a mine of general information, but 
commonly are not sufficiently detailed for use in studies such as this. 

The mechanics of regional climate furnishes an additional guide to magnitudes 


Fic. 5. Timberline tree above Silver Lake, Colorado. Orientation of this tree indicates 
strong winds from slightly north of west. Coring indicated an age of more than 350 years. 


and durations of phenomena in areas not adjacent to regular weather stations. Two 
papers covering the mountain portion of Colorado have been published ;* additional 
studies are reported to be in progress, but have not yet appeared in print (Feb. 
1950). 


7 During this study, a complete list of ventifact sites in Colorado, originally prepared by 
the late Junius Henderson, and augmented by R. D. George, was found most helpful. Pub- 
lication of this list, with a detailed map, has been discussed at the University of Colorado. 

® R. L. Ives, “Weather Phenomena of the Colorado Rockies,” Journal of the Franklin In- 
stitute, CCXXVI (1938), 691-755: “Colorado Front Range Crest Clouds and Related Phe- 
nomena,” Geographical Review, XXXI (1941), 23445. 
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Summary of Chinook Theory 


Any discussion of chinook winds must invariably raise the question “what is a 
chinook wind?”. Definitions of chinook winds are contained in numerous works 
on meteorology, and may also be collected from natives of the high plains region. 
Nearly all of the local definitions contain some elements of correctness, but all are 
not in agreement. Many are too inclusive. The more restrictive, and more in- 
yolved, meteorological description of a chinook wind will be presented in this section, 
in substantial accord with the descriptions of Humphreys,® Haurwitz,’® and Hewson 
and Longley.'' Augmenting these descriptions, which omit mention of the effect 
of sublimation to leeward, is a brief evaluation of sublimation effects’?. 


Preliminary Description. 

A chinook wind, strictly defined, is a transmountain wind which is warmed by 
desiccation on the windward side of the range, and again warmed by compression 
during its descent of the leeward slope. In this process, a part of the equivalent 
potential temperature of the air’* is converted to actual temperature. 


Essential Conditions for a Chinook Wind. 

A chinook wind can only occur if, in the proximity of a mountain range, there 
is a pressure gradient sufficient to maintain air flow across the mountain; and if, 
in crossing the mountain range, the air is cooled to and below its lifting condensatien 
level..* For a chinook to be noted by surface observations, the leeward air must 
remain close to the ground, so that its direction and temperature will be recorded by 
station instruments. 


Mechanics of a Chinook. 

Conditions during a chinook wind, meeting all theoretical criteria, are shown 
in profile section in Fig. 6 (bottom). Topographic features are generalized from 
U.S. Geological Survey maps. 

During an idealized chinook wind, air proceeds from west to east (left to right) 
in this figure. On the flats to windward of the range (in Middle Park), the air 
is cool and not saturated. As it moves toward the range, it cools, by rarefaction, at 
substantially the dry adiabatic rate, so that its relative humidity increases. 


9W. J. Humphreys, Physics of the Air, New York, 1940, p. 217. 

10 Bernhard Haurwitz, Dynamic Meteorology, New York, 1941, pp. 53-54. 

11E. W. Hewson, and R. W. Longley, Meteorology Theoretical and Applied, New York, 
1944, pp. 220-221, 449-450. 

12R. L. Ives, “Colorado Front Range Crest Clouds and Related Phenomena,” Geographical 
Review, XXXI (1941), 29-33. 

13 Equivalent potential temperature of air is the temperature attained if the air is brought 
adiabatically to a standard pressure (usually 1,000 mb) ; and all of the moisture initially con- 
tained in the air is condensed, and the latent heat of condensation so released is added to the 
air. Definition follows usage of E. W. Hewson and R. W. Longley, Meteorology Theoretical and 
Applied, New York, 1944, pp. 232-235. 
™ Lifting condensation level is the level at which a parcel of air becomes saturated when 
lifted adiabatically. Definition follows Sverre Petterson, Weather Analysis and Forecasting, 
New York, 1940, p. 54. 
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Close to the range, the air is driven sharply upward, still cooling at the dry 
adiabatic rate (5.5° F. per 1,000 feet, approximately) until its dew point is reached, 
At and above this height (the height of lifting condensation, as previously defined), 
the air cools at a lesser rate.’ 

From the height of lifting condensation upward as far as the air is driven, it is 
saturated, and both condensation and precipitation commonly take place. This zone 
of saturation is coextensive with the crest cloud. 

Because all of the condensate does not drop out as precipitation immediately, 
but is carried along with the wind, a small part of the crest cloud extends eastward 
over the leeward side of the range. A part of this “overhang” falls out as precipi- 
tation ; another part is reevaporated. 

Leeward of the crest of the range, the air commonly descends and is warmed by 
compression. According to most published theories, this warming is at the dry 
adiabatic rate. Actually, because some snow is sublimated during this descent, 
when snow is exposed to the wind, the warming is necessarily at a slightly lesser rate. 

In consequence of these changes in cooling and heating rates, the air in a chinook 
wind arrives at any given low leeward level somewhat warmer than it left a similar 
level on the windward side, the heat increment being due to the absorption by the 
air of a major part of the latent heat of condensation of the lost moisture. 

¢ Throughout this description, it has been assumed that there was no heat loss 
or gain by radiation, and that there was no appreciable “leakage” of chinook air 
from the assumed near-surface trajectory. 

Under the conditions outlined, chinook air arrives on the plains warmer than it 
was at a comparable altitude windward (west) of the range, and is considerably less 
humid. In more technical terms, the potential temperature of chinook air has been 
increased by its transit of the range. In contrast, the equivalent potential tempera- 
ture remains unchanged. 

Theoretically and actually, chinook air on the plains is thermally unstable, and 
in a mechanically turbulent condition, so that it tends to mix with the air above 
it in a very few miles of horizontal travel. This turbulent mixing, coupled with heat 
loss by sublimation of available moisture on the plains, limits the eastward extent 
of chinook winds to a few miles in most instances, and to a few score of miles in 
exceptional cases. 

The physical theory of air flow across mountains, leading to the production of 
crest clouds, cumulus rolls, and standing clouds,’® has recently been investigated 


15 This is commonly known as the saturated adiabatic rate, which is determined by the 
amount of moisture in the air at the dew point, and is not constant for all temperatures, but is 
always less than the dry adiabatic rate. 

16 For photographs of these phenomena from the Rocky Mountain region see R. L. Ives, 
“Colorado Front Range Crest Clouds and Related Phenomena,” Geographical Review, XXXI 
(1941), Figs. 4 and 5, p. 28; Fig. 6, p. 31: “A Chinook Crest Cloud over the Colorado Front 
Range,” Bulletin of the American Meteorological Society, XX (1939), Figure on p. 395: “Snow- 
Eaters of the High Plains,” Weatherwise, in press. 
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Fic. 6. Cross-sections of mountain ranges during chinook winds. Lower figure is a general- 
ized section across the Colorado Front Range at about Lat. 40° N., and shows conditions closely 
approximating those of classical theory. Upper figure shows occurrences when a wind “jumps” 
an intermountain basin. Distance between the ranges may be from a few miles to about 1,000 
miles Chinook winds of this second type do not produce a crest cloud visible from the high 
plains, nor are they accompanied by precipitation on the windward side of the Front Range. 
In consequence, many of them are not classified as chinook winds. 


mathematically by Paul Queny.’’ These theoretical findings are in close accord 
with ground and air observations in the Rocky Mountain Region.’* Minor dis- 
crepancies between theory and observation, at present, are most probably due to 
the difference between the theoretical mountains used in Queny’s study and the actual 
mountains in Colorado. 


Characteristics of Chinook Air in the Plains Area. 


Chinook air, in the plains area, is always in eastward motion. This air is 
always warmer than at the same elevation to windward, but is not necessarily 
warmer than air which it displaces on the plains. Likewise, chinook air on the 

17 Paul Queny, “The Problem of Air Flow Over Mountains: A Summary of Theoretical 
Studies,” Bulletin of the American Meteorological Society, XXIX (1948), 16-26. Queny’s 
mee report is in process of publication at the Institute for Advanced Study, Princeton, 

. J. (1950). 

o R. L. Ives, “Colorado Front Range Crest Clouds and Related Phenomena,” Geographical 

Review, XXXI (1941), 30-31. 
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plains is initially less humid than at any proximate windward point, but it is not 
necessarily less humid than the plains air which it displaces. Thus, although a 
chinook wind is commonly a warm dry wind in the plains area, it could be, and 
sometimes is, a cool moist wind, with respect to previous meteorological conditions. 
In consequence, an exceptional chinook wind would not be recorded as such by 
plains stations, and can only be classified when both windward and leeward condi- 
tions are known. 


Actual Behavior of Chinook Winds 


To the plainsman, interested only in the effect of local weather upon his cattle or 
crops, a chinook wind, or chinook, is a warm wind that blows from the mountains. 
Local descriptions of chinook winds include not only true chinooks (as defined in 
the previous section), but also warm fallwinds, indistinguishable from chinooks by 
plains observations alone. Many local descriptions, because of deliberate misplace- 
ment of the decimal point in the tradition of Dan DeQuille and Baron Munchausen, 
should be classed as contemporary folklore, and not as climatic data. 

To the meteorologist and climatologist, concerned with what is happening in 
the atmosphere, and with what is going to happen meteorologically some days hence, 
a chinook wind is a discrete atmospheric entity, which must meet certain definite 
and specific criteria (to be detailed later) to be so classified. Conformance with 
these criteria cannot be determined, by standard observations at extant stations, until 
several days after the passage of the disturbance, in most instances, because of the 


weekly reporting cycle of co-operative weather stations, and the disruption of mail 
and other communications services, in the mountain region, by winter conditions. 

In consequence oi these limitations, reports and classifications of warm westerly 
winter winds in the high plains area may be, and often are, ambiguous or contradic- 
tory, so that final classification of a wind as a chinook must be made after the records 
are complete. 


Descriptive Samples. 

A typical chinook wind in the high plains area, by either the plainsman’s or 
the meteorologist’s criteria, may begin at any time of the day or night, and is first 
evidenced by a shift of the wind to a westerly source. In a few instances, a chinook 
commences with a marked freshening of a pre-extant westerly wind. 

Shortly after the beginning of the strong west wind, the temperature commonly 
takes an abrupt upward turn, and continues to rise rapidly for several to many 
hours. Temperature rises of twenty, thirty, or forty degrees in three hours are not 
uncommon, 

During the time that the temperature is rising rapidly, the relative humidity 
is dropping with comparable rapidity, so that the air becomes markedly clear and dry. 

Any snow that is present at the onset of the chinook is removed rapidly by 
sublimation, often at rates approaching an inch an hour. This sublimation is so 
rapid that ice is sometimes removed from the surfaces of irrigation reservoirs even 
when the air temperature is still below freezing. 
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Fic. 7. Tracings of instrument curves, showing rise of temperature, decline of relative 
humidity, and substantial stability of the barometer, during a typical chinook wind at Boulder, 
Colorado, are shown at left. Values of aqueous vapor pressure during the same chinook, as 
computed from the same instrumental records, are shown at right. The symbol T indicates 
rate of change of temperature with respect to time. Instrumental data from the University 
of Colorado weather station. ; 


Typical instrument curves, showing the temperature rise and the drop in relative 
humidity during a chinook constitute Figure 7 (left). Changes in specific humidity, 
computed from these same instrumental records, are shown at the right in Figure 7. 
Note that the aqueous vapor pressure declines very rapidly when the local supply 
of evaporable water (in this case snow) is exhausted. 

Wind behavior during a chinook is seldom the simple westerly blow indicated 
by theory, but is usually complicated by leeward eddies, and by a leeward secondary 
low pressure area. Air temperature, wind direction, and wind speed, as recorded 
at Denver during a week of fairly typical pre-chinook and chinook weather, are 
shown in Figure 8. 

During a typical chinook, the mountains are shrouded by a dense billowing 
cumulus cloud, commonly known as a crest cloud, and known to some meteorologists 
as a moazagotl. This cloud in many instances extends several thousand feet above 
the crest line of the range, and is visible for many miles (See footnote 16). Al- 
though the chinook crest cloud appears solid to an observer on the plains, it actually 
is punctured by many windows and holes, and presents a somewhat ragged appear- 
ance when viewed from below from a point in the mountains (See footnote 16). 

Eastward of the crest of the range, and usually about 20 miles to the east, there 
is a zone of cumulus clouds, often in the form of a continous strip, paralleling the 
crest cloud. This cumulus “roll” retains its geographical position despite eastward 
surface winds of high velocity. 

Not infrequently, the cumulus roll is absent, but is replaced by groups of 
laminated standing clouds, which, like the cumulus roll, retain their geographical 
position despite eastward surface winds. 

In the windward area, west of the main ranges, chinooks are not apparent as 
drying winds, but are characterized by heavy precipitation, usually in the form of 
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snow or supercooled rain, which solidifies to glaze on contact with the ground, 
vegetation, or moving objects such as windshields and aircraft. 

On the summit of the range, during a chinook, the wind carries considerable 
amounts of snow, or of supercooled water droplets,’® from the west toward the east 
side, alimenting the glaciers near the summit of the range, and coating the windward 
sides of the peaks with rime (Fig. 9). 

During the later parts of a chinook, when the crest cloud has shrunk to small 
dimensions or disappeared, great streamers of windblown snow are commonly seen 
over the Front Range, extending upward for more than 2,000 feet from the crest 
of the divide. Such “carryover” snow is of great importance in replenishing water 
supplies on the east side of the range. 

The pronounced desiccating effect of a chinook is usually confined to a band 
about 30 miles wide, parallelling the trend of the foothills. The western edge of 
this band of snow sublimation is commonly within a few thousand feet of the 
Dakota outcrop. 

A chinook occurring when the ground is snowfree has an eastward extent of 
much more than 30 miles, and its desiccating effect may extend as far as the 
Kansas-Colorado line. Under such conditions, dust storms are not uncommon. 

After a chinook wind, temperature and relative humidity tend to return to 
normal for the season in 24-36 hours, and to remain near the seasonal normal until 
another chinook arrives, or a new air mass moves in. 

The above-outlined phenomena are standard by both the strict definition of a 
chinook wind, as used by the meteorologist, and the looser definition, as used by 
the plainsman. Because the definitions overlap, there are some true chinooks which 
are not so recognized by the plainsman, and some “obvious” chinooks, described by 
the plainsman, which do not meet the criteria of the meteorologist. There are also 
a number of winds in this area which may well be chinooks, but which cannot be 
so identified with any assurance because their trajectories do not include a windward 
weather station, or because they occurred simultaneously with other phenomena, 
such as frontal passages, so that definite classification is impossible with present data. 


Identification of Chinook Winds 


Plainsman’s Definition. 

A chinook wind, according to most plainsmen, is a warm wind that blows from 
the mountains. In consequence, chinook winds, as defined by the plainsman, are 
simply winds with a westerly source component which are accompanied by a rise in 
local temperature. 


Meteorologist’s Definition. 

In the area under consideration, to be classed as a chinook by the meteorologist’s 
definition, a wind must have a westerly source component, must be accompanied by 
precipitation on the windward side of the mountains, and must undergo not only 


19 R. L, Ives, “Detection of Supercooled Fog Droplets,” Journal of Aeronautical Science, 
IX (1941), 120-122. 
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Fic. 8. Wind speed and direction before and during a chinook, with temperature data in- 
cluded for reference purposes. All data from U. S. Weather Bureau. 


Fic. 9. Rime coatings at 13,500 feet resulting from chinook precipitation. This rime 
deposition sometimes amounts to more than a ton of ice per square yard of exposed surface 
during a mountain winter. Photograph by E. M. Greenman, Boulder, Colorado. 
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a drop in its specific humidity while crossing the range, but must also have its po- 
tential temperature raised while the equivalent potential temperature remains sub- 
stantially constant. Production of these changes, during a chinook wind, has 
already been outlined. 


Requisite Data. 


Identification of chinook winds by the plainsman’s definition requires only a 
“one point” wind and temperature record, such as that commonly furnished by a 
single cooperative observer, and reported in the local newspapers. 

Identification of chinook winds as such by meteorological criteria requires not 
only a wind and temperature record from the plains station concerned, but also a 
temperature and precipitation record from a windward station along the same tra- 
jectory, and located in the zone of windward precipitation. A check on the actual 
wind trajectory is furnished by reports from co-operative observers, and by reference 
to the general weather map, which indicates the regional pressure pattern, and hence 
the probable wind flow. Both of these checks must be used with care, for local 
observations in mountain regions are not uncommonly of local surface air, having 
its own specialized motion,”° due to density currents; and the regional pressure 
pattern does not include corrections for turbulent flow over and around rugged 
terrain. 

Any transmountain wind that is a true chinook must lose moisture by precipi- 
tation on the windward side of the range. This loss of moisture, and the time 
that it takes place, will be indicated by reports from co-operative observers, provided 
there is a station within the area of the precipitation. 

For a transmountain wind to be classified as a chinook, its potential temperature 
must be increased, as a result of moisture loss, during its transit of the range. Mean 
daily temperatures at both windward and leeward points are indicated by observers’ 
reports. Temperatures at approximately 5 P.M. (local time) are sometimes also 
reported. Continuous records of temperature are available only from a few leeward 
points, such as Denver, Boulder, Longmont, Fort Collins, and Loveland; and these 
records are not by any means continuous, due to instrument failures. At Denver, 
a “100 per cent record” has been obtained, during the last 20 years, only because of 
multiple instrument installations at both city office and airport. 

From these recorded data, it appears possible to identify strong chinooks, 
which modify the daily temperature averages, or which insert a prominent “saw- 
tooth” wave-front into the daily temperature record (Fig. 19), with considerable 


20 Rudolf Geiger, “Das Klima der bodennahen Luftschnicht,” Die Wissenschaft, LXXVIII 
(1927), Braunschweig, Viewig. See translation by John Leighly, The Climate of the Layer 
of Air near the Ground, New Philadelphia, Ohio, 1942, or Grand Rapids, Michigan, 1943. 
W. J. Humphreys, Physics of the Air, New York, 1940, pp. 159-165: E. W. Hewson and 
R. W. Longley, Meteorology Theoretical and Applied, New York, 1944, pp. 306-310: R. S. 
Dean and R. E. Swain, Report Submitted to the Trail Smelter Arbitral Tribunal, U. S. Bureau 
of Mines, Bull, 453, Washington, 1943: R. L. Ives, “Weather Phenomena of the Colorado 
Rockies,” Journal of the Franklin Institute, CCXXV (1938), 708-750. 
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confidence if and provided the wind trajectory includes a windward and a leeward 
weather station continuously operated. 


Data Sources 


Were it possible to “gridiron” the entire Colorado Front Range area, including 
adjacent parts of Middle Park and of the high plains, with wire-connected weather 
stations closely spaced and continuously manned or reporting, the problem of deter- 
mining the exact classification of a warm westerly wind could be reduced to one 
of plotting in the central station. 

Such networks, despite their theoretical desirability, are financially impracticable 
now and in the foreseeable future. Although unmanned, continuously-operating, 
wire-reporting weather stations have been developed, and used for some years in 
special locations,”* their initial and upkeep cost is great, and the practical difficulty 
of keeping several hundred such stations in continual operation is stupendous. 

Because of these practical limitations, present and future investigations of chinook 
winds (as well as other weather features of sparsely-inhabited regions) must be 
made from data available at established weather-reporting stations; augmented by 
the field notes of a few observers who are in the field only part of the time. Such 
information leaves much to be desired, but where “long-run” records are desired, 
there is nothing else available. 

Weather records from the Colorado high plains area, and adjacent mountains 
and parks, contain a number of long-term day-by-day records from several co- 
operative weather stations in the area, in addition to rather complete records from 
such official Weather Bureau stations as Denver, Pueblo, and Grand Junction. 

Published summaries of these records include the Climatological Summaries, for 
the State of Colorado, by days and stations, published monthly, with an annual 
summary ; and the Denver Monthly Meteorological Summary (Form 1030), which 
contains more detailed information from Denver only. 

Microfilm or photostat copies of weekly cooperative observers’ reports, and 
of instrumental records from central stations, such as Denver, are available from 
the U. S. Weather Bureau, in Washington, D. C. 

Industrial records, such as those kept by the Great Western Sugar Co., were 
found of secondary value and accuracy, although many of them were quite depend- 
able. Not all of these records are readily available to investigators. Similar records 
are kept by the University of Colorado, at Boulder, and the Colorado State College 
of Agriculture and Mechanic Arts, at Fort Collins. 

Of lesser value and accuracy are local newspaper reports. Some papers, such 
as the Longmont Times-Call, the Boulder Daily Camera, and the Rocky Mountain 
News (Denver), indicate a definite attempt at accurate reporting. Some others 
apparently report the type of weather they think should have occurred, and omit 
all mention of unpleasant weather occurrences. 

Official records of wind damage, as collected by the Colorado State Patrol, and 

21 R. L. Ives, “Remote Indicating and Reporting Wind Equipment,” Bulletin of the Ameri- 
can Meteorological Society, XXX (1949), 321-326: 352-357. 
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some of the insurance companies, are usually dependable concerning what happened 
and when, but may be sadly in error in regard to the true cause of the damage, 
In general, if a building falls down during a high wind, all of the damage is attributed 
to the wind, and none to such predisposing factors as poor construction, age, rot, 
or termites. 

From the records of co-operative observers, instrumentally-recorded maximum 
and minimum temperatures (daily) and daily totals of rainfall can be determined. 
These same records furnish an estimate of general cloud conditions (percent 
cloudiness), and daily average wind direction. Occurrences which appear extraor- 
dinary to the observer are included in his report occasionally. As these are sub- 
jective data, greatly influenced by the personal equation of the observer, their value 
in most investigations is slight. 

From the records of Weather Bureau stations (such as Denver), hourly records 
of temperature and wind direction; two-hourly or four-hourly humidity observa- 
tions ; and a more detailed and accurate estimate of cloudiness are available. 

Also used in this study are personal records and photographs collected during 
the period 1932-1937 ; 1938-1941 in ‘the mountain area (several days each week 
were spent in the field) ; and notes from adjacent areas collected in the progress 
of other work. 


Suitable Chinook Trajectories 


Investigation of permanent co-operative and continuously-manned weather sta- 


tions in Colorado, where records have been kept for a period of 15 years or more, 
discloses that the Denver station has made a 100 per cent record, due to multiple 
instrument installations, for the period 1930-1948, inclusive. 

Search for a station on the western side of the Front Range, preferably in Middle 
Park, with a comparable record, was not very successful. The station at Fraser, 
having a 96 percent record of observations reported, appears to be the most suitable 
of those in that area for chinook studies. Although this station is located slightly 
west of the zone of maximum chinook precipitation, as determined by field studies 
(See footnote 19), consistency of the record offsets a large part of this defect. No 
other windward station having satisfactory location, and adequate length of record, 
was found in the area. In consequence, statistical analysis of chinook occurrences 
in the Colorado high plains must be based on records from Fraser and Denver, 
augmented, where possible, by evidence from other areas where the records are 
less continuous. 

Atypical chinooks, of the “cloudless,” or “two step” variety) Fig. 6, top), may 
occur along this trajectory without being identified, for the precipitation from them 
may not occur at Fraser. Most common location for such atypical chinooks is just 
north of Grand Lake, with precipitation occurring on the west side of the Never- 
Summer Range, and the fallwind being first observed on the plains between Long- 
mont and Loveland. There being no reporting station in North Park in the zone 
of normal chinook precipitation, these winds are classed, incorrectly and unavoidably, 
as warm westerlies. 
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FREQUENCIES OF CHINOOK WINDS 

This section is a statistical study of the frequency of chinook winds, as variously 
defined, along the Fraser-Denver trajectory, during the years 1930-1948. All 
quantitative data cited are from official records supplied by the U. S. Weather 
Bureau, supported in large part by other records of types previously cited. Sum- 
mary of studies of the various classifications is also included. 


Plainsman’s Chinooks 

Any strong warm westerly wind is described as a chinook by most residents of 
the high plains area, and so reported in the local newspapers. 

To be classified as a warm westerly, a wind must have a westerly source, relative 
to the point under consideration, for an appreciable part of a day ; and must be warm 
enough so that the maximum temperature for the day with the wind exceeds that 
of the previous day. Note that, under this method of classification, the wind under 
consideration is warm relative to temperature maximum of the previous day, and 
that, unlike the meteorologist’s consideration of a chinook, the potential temperature 
of the air is not considered. In consequence, warm westerlies can be classified by 
use of a plains record only, whereas chinook winds can be so classified, by strict 
meteorological methods, only when the change in potential temperature of the air 
as a result of its transit of the mountains is considered. 

The classification to follow was made from a day-by-day study of the records 
of the Denver station of the U. S. Weather Bureau, using the thermograph record 
(obtained in microfilm) as a check. So that the data in the various sections of this 
report will be comparable, the same data were used in each determination. 

Because the presence of the city of Denver unavoidably modifies the local en- 
vironment, ambiguous and marginal cases were decided by reference to records of 
adjacent stations, notably Denver Airport, Boulder, and Golden. 

Distribution of days with warm westerlies, by months, for the period 1930-1948, 
inclusive, is shown in Figure 10 (right). Because some warm westerlies last more 
than one day, or are reported on two separate days, the tabulation of days with warm 
westerlies is not a record of the number of such winds. Mean numbers of warm 
westerlies, by months, as determined from the same data, and for the same period, 
as the mean days chart, is shown in Figure 10 (left). 

From the same data used above, the total number of days with warm westerlies 
in each year, for the Fraser-Denver trajectory, was determined for the period 1930- 
1948. This is presented in Figure 10 (lower center). Likewise, the total number 
of warm westerlies was computed, and is presented in Figure 10 (upper center). 

From this charted information, it appears that the average warm westerly in 
this area lasts slightly longer than one day, or is reported on more than one day. 
This is true for each year considered, but the ratio of days with warm westerlies to 
number of warm westerlies is variable, as is the annual number of both. 

Monthly charts disclose a March maximum for days with warm westerlies and 
for number of warm westerlies, a September minimum for both, a secondary maxi- 
mum in January, and a small tertiary maximum in July. These curves are in close 
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MEAN NUMBER OF CHINOOK MEAN DAYS WITH CHINOOK 
WINDS PERIOD 1930-1948 OF CHINOOK WINDS. BY YEARS. 1930-1948 INCLUSIVE winds PERIOD 1930-1948 


Fic. 10. Occurrences of warm westerlies along the Fraser-Denver trajectory during the 
period 1930-1948, inclusive. Mean days with warm westerlies, by months, are shown at right: 
mean numbers of warm westerlies, also by months, at left. Total days with warm westerlies 
are shown by years in center bottom, and total number of warm westerlies, regardless of 
duration, by years at center top. 


accord with information and opinion heard from plains farmers, who obviously are 
keen observers of weather occurrences. 


Meteorological Chinooks 


To be classified as a chinook by meteorological criteria, a wind along this tra- 
jectory must have a westerly source with respect to Denver, precipitation from it 
must be recorded at Fraser or at an adjacent recording station, and the daily mean 
temperature at Fraser, reduced to Denver elevation, must be lower than that at 
Denver, using the dry adiabatic reduction formula. 

This classification was made from a day-by-day study of the records of the 
Fraser co-operative weather station, and their comparison with the similar records 
from Denver, using the thermograph record from Denver (obtained in microfilm) 
as a check. 

Reduction of the Fraser mean temperature to the Denver elevation was deter- 
mined by subtracting the elevation of Denver (5221 feet) from that of Fraser 
(8671 feet), and then multiplying the difference (3450) by 5.5. The result, 18.975° 
F., is the amount that Fraser air will be warmed by adiabatic descent to Denver. 
For a wind, travelling from Fraser to Denver, to be classed as a chinook, the Denver 
temperature minus the Fraser temperature must exceed 18.975°.?? 

From the daily tabulation of Fraser precipitation, Denver wind direction, and 
Denver-Fraser temperature difference, the obvious chinook winds were identified, 
.and their mean numbers are tabulated by months and years in succeeding figures. 

Marginal cases were classed as not chinooks unless records from adjacent sta- 
tions gave clear evidence of chinook activity. The presence of a temperature surge 


22 Nineteen degrees was used as a working figure, the difference of 0.025 degrees being 
meaningless when the thermometers used are read only to the nearest degree F. 
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mumete OF WARM WESTERLIES. BY years. 1930-1040 INCLUSIVE. 


MEAN DAYS WITH WARM 


NUMBER OF WARM 
WESTERLIES 1930-1948 


WESTERLIES 1930-1948 


u 


ot WITH WARM WESTERLIES. BY TEARS. 1930-1946 INCLUSIVE. 
TRAJECTORY 


Fic. 11. Occurrences of chinook winds along the Fraser-Denver trajectory during the 
period 1930-1948, inclusive. Mean days with chinooks, by months, are shown at right: mean 
numbers of chinooks, also by months, at left. Total days with chinooks are shown by years in 
center bottom, and total number of chinooks, regardless of duration, by years at center top. 


in the Denver thermograph record (like the curves in Figures 7 & 8) was a useful 
check indicator. 

Distribution of days with chinooks, by months, for the period 1930-1948, in- 
clusive, is shown in Figure 11 (right). Because some chinooks last more than 
one day, or are reported on two separate days, the tabulation of days with chinook 
winds is not a record of the number of such winds. Mean numbers of chinooks, 
by months, as determined from the same basic data, and for the same period, as the 
mean days chart, is shown in Figure 11 (left). 

From the same data used above, the total number of days with chinooks in each 
year, for the Fraser-Denver trajectory, was determined for the period 1930-1948. 
This is presented in Figure 11 (lower center). Likewise, the total number of 
chinooks was computed, and is presented in Figure 10 (upper center). 

From this charted information, it appears that the average chinook in this area 
lasts very slightly longer than one day, or is reported on more than one day. This is 
true for each year considered, but the ratio of days with chinooks to number of 
chinooks is variable, as is the annual number of both. 

Monthly charts disclose a March maximum for days with chinooks and for 
numbers of chinooks, a spring and fall minimum for both, a secondary maximum in 
January, and a small tertiary maximum in mid-summer. These curves are quite 
similar to those of warm westerlies, but are smaller in magnitude. This indicates 
that chinook winds as defined by the meteorologist (Fig. 11) are less frequent than 
chinook winds as defined by the plainsman (Fig. 10). 


Comparison of Classifications 


In the foregoing two sections, frequencies of chinook winds as defined by the 
plainsman, and as defined by the meteorologist, are presented. Because the classi- 
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fications “chinook” and “warm westerly” overlap, but neither group wholly con- 
tains the other, a further classification and organization of wind data is necessary. 


Preliminary Investigation. 

Local observers, upon being informed that the local and meteorological definitions 
of chinook winds were at variance, were wont to admit the discrepancy insofar as 
weak chinooks were concerned, but were firm in their belief that all warm westerlies 
which produced a marked rise in daily maximum temperature were also chinook 
winds, in the meteorological sense. Enough correct examples were cited to warrant 
an investigation. 

Computation, by months, of the percentages of westerly winds in various tem- 
perature groups that were also chinook winds, for the Fraser-Denver trajectory, 
during the period 1930-1948, inclusive, discloses no clear division between warm 
westerly winds and chinook winds by use of temperature data alone. Results of this 
computation are plotted in Figure 12 (left), and shown quite plainly that westerly 
winds elevating the daily maximum temperature from 0 to 10 degrees above that 
of the previous day are, or are not, chinooks in a fairly constant proportion. Curves 
for greater elevations of the daily maximum temperature are not here presented, for 
they show the “poltergeist” variations characteristic of a narrowing field, and hence 
are not only nonindicative, but may be entirely misleading. 

The “braiding” of curves B, C, and D (Fig. 12, left) suggests that the same 
general relation of chinook and non-chinook westerly winds prevails regardless of 
temperature elevation, so long as it is positive, and, in conjunction with the computed 
values, indicates that wind classification by use of plains temperature data alone 
will not work. 

Further Analysis. 

Failure of relatively simple methods to disclose any clear distinction between 
chinook and non-chinook winds in this region made necessary a more laborious, and 
somewhat more complicated analysis of westerly winds, which comprises the re- 
mainder of this section. 

Upon yearly collation sheets, the date of each chinook wind, as previously deter- 
mined by meteorological criteria, was indicated. Parallelling this, upon the same 
sheet, the date of each warm westerly, as previously determined from official weather 
data, was indicated by a different symbol. Because all chinooks are westerlies, but 
not all chinooks are warm with respect to a plains observer, all westerly winds 
which did not elevate the daily maximum temperature over the previous day’s 
maximum were classed as cold westerlies, and likewise plotted by date upon the 
same collation sheets, using an identifying symbol. Totals of each class, by months 
and years, were entered at the bottoms of all nineteen collation sheets. 

Although these collation sheets present the salient data from more than two 
cubic feet of original observation records in only nineteen pages, the information 
contained in them is still too voluminous for ordinary research use, and a further 
condensation is indicated. 
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t Fic. 12. Chinook—non-chinook relations. 

5 Left: percentages of westerly winds that are chinooks. 

| A—Percent of all westerly winds that are also chinooks. 

, B—Percent of all warm westerly winds that are also chinooks, warm winds here 

e being all winds producing a rise in the daily maximum temperature. 
C—Percent of all westerly winds accompanied by an increase of five or more 

e degrees in the daily maximum temperature that are chinooks. 

f D—Percent of westerly winds accompanied by a rise of ten or more degrees in 4 

{ the daily maximum temperature that are chinooks. 

Center: Reclassification of westerly winds. 

e Top: Diagram of classification of westerly winds used in this investigation. 
Bottom: Mean annual numbers of days with winds in each classification, as ob- 
served in the Denver area. 

Right: Percentage distribution of various classes of westerly winds, by months. 

A Curve A Percent of days with westerly winds. 

1 Curve B Percent of days with chinook winds (as defined by meteorological 

- criteria. These include classes D and F, above). 

Curve C Percent of westerlies that are chinooks. This curve is computed from 

- the monthly mean numbers of classes Pit 

e Curve D Percent of chinooks that are warm. This curve is computed from the 

monthly mean numbers of classes DoF 

: Curve E Percent of chinooks that are cold. This curve is computed from the 

F 

; monthly mean numbers of classes D+F 

Wind Classification. 

5 


In this study, which is concerned with a special type of wind, a classification 
which contains no overlapping classes is desirable. In consequence, the division 
of winds into chinooks and warm westerlies is not wholly satisfactory, for some 
warm westerlies are also chinooks, and some chinooks are not warm, as has been 
indicated previously. 
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Within the limitations of the available data, a bilateral type of classification, em- 
ploying only two classes, A, and not A, per step, appears most useful. Preliminary 
division, in this manner, separates westerly winds (those having a source azimuth 
from 181° to 359°) from all others (those having source azimuths from 0° to 180°). 
Because of variations in temperature relations during a given wind regime, all 
classifications here presented are on a “days with” basis. 

Westerly winds are subdivided into two thermal classes—warm and cold. 
Warm westerlies, in accord with previous definitions, are those which cause or are 
accompanied by an elevation of the day’s maximum temperature over that of the 
previous day. Cold westerlies are those which do not cause or accompany such 
a temperature elevation. 

Each of the two classes resulting from this discrimination is then subdivided into 
chinooks and not chinooks, using the meteorologist’s criteria, as previously described. 

This classification, which definitely labels all westerly winds indicated by the 
records, is diagrammed in Figure 12 (top center), and mean annual numbers of days 
with westerlies of each class are shown below it, all data being derived from official 
records for the period 1930-1948, inclusive, and pertinent to the Fraser-Denver 
trajectory previously discussed. 

Using the same basic data, and the classification outlined above (Fig. 12, top 
center), mean numbers of days with westerly winds in each class, for the Denver 
area, and for the period 1930-1948, inclusive, were determined for each calendar 
month, and are charted in Figure 13. It should be noted here that some of the 
apparent conflict between the plainsman’s reported chinooks (class B) and those 
reported by the meteorologist (classes D and F) is here resolved; winds of class D 
(warm westerlies that are chinooks) being classed as chinooks by both groups of 
observers. About one-third of the winds classed as chinooks by meteorological 
criteria are not so recognized by the plainsman; and about half of the winds called 
chinooks by the plainsman do not meet the requisite meteorological conditions for 
such classification. 

Reference to Figure 13 discloses considerable month-to-month variation in the 
numbers of days with winds of various classes. Because all calendar months are 
not of the same length, some of this variation is apparent only, and some is real. 
To eliminate the effects of calendar inequalities from the records, salient wind data 
used in compiling Figure 13 were recomputed on a percentage basis, and a summary 
of results therefrom comprises Figure 12 (right). 

Inspection of these curves discloses that the bi-peaked winter frequency charac- 
teristic for westerly winds (Curve A), is an actual decline in the percent of days 
with westerly winds in February, but a less important decline than is suggested by 
Figures 13 & 10. Frequency of chinooks (classes D and F) is greatest in winter, 
and least in summer, as has been known for several generations by plains residents. 

It is also notable here that most of the chinook winds during the winter and 
spring seasons are warm (Curves D and E, Fig. 12 right) whereas those occurring 
during the summer tend to be cold. In consequence, summer chinooks are usually 
not recognized as such. 
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Fic. 13. Monthly mean numbers of westerly winds in each class, as determined from 

official records for the Fraser-Denver trajectory during the period 1930-1948. 
PHYSICAL EFFECTS OF CHINOOK WINDS 

Evidence for the evaluation of the physical effects of chinook winds is plentiful, 
but is not only inconclusive, in many instances, but is also variable in its complete- 
ness. In consequence, evaluation of some chinook effects is based on surmises from 
very poor basic data, and may be in error by as much as one order of magnitude. 
Evidence for evaluation of some other effects, however, is fairly complete and con- 
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clusive, so that some other evaluations are probably accurate to two significant 
figures. 

Physical effects of chinook winds, in the high plains area, during the past two 
decades, can be evaluated with considerable accuracy from extant weather records, 
Such evaluation discloses that the physical effects of chinook winds are of relatively 
slight climatic importance, despite their sometimes spectacular meteorological effects, 
Whereas chinook winds, during the past three or four decades, have occasionally 
elevated the temperature forty or more degrees (F.) in a few hours, and have re- 
moved six or more inches of snow between sunrise and noon, such occurrences are 
relatively rare, and their effect on the year’s climatic means is surprisingly small. 


Temperature Effects 


Thermograph traces made during chinook and related winds are non-sinusoidal 
curves, commonly of a surge type, with a steep incremental rise, and a quasi- 
exponential decrement. In consequence, determination of mean temperatures by 
use of the standard Weather Bureau formula?* is inaccurate, and tends to minimize 
the changes, as does the more elegant procedure of averaging hourly temperature 
values. For this reason, computations to be presented here are based on changes 


TABLE I 


Derivep ANNUAL WEATHER DATA 
Denver and Fraser 


Temperatures 
Mean annual temperature at Fraser 
Mean annual temperature at Denver 
Denver mean temperature corrected 
Precipitation 
Variability Index 


Denver corrected 


in maximum temperature between the day on which the chinook under consideration 
occurred and that of the previous day. This expedient is regarded as superior to 
the Weather Bureau average, for use in a study of this type, but is not considered 
entirely satisfactory. Probably a consideration of the relative slope of the incre- 
mental temperature curve would be superior, provided adequate data and infinite 
computing time were available. 

Mean temperatures at Denver and Fraser are shown in Figure 3. Mean maxi- 
mum temperatures, by months, at each station, the difference between these tempera- 
tures, and the mean monthly number of chinook winds (meteorologist’s definition, 
classes D and F, Fig. 13) are shown in Figure 14 (right). Notable in this figure 


23 Mean temperature, for Weather Bureau purposes, is computed from: 


Maximum temperature + Minimum temperature 
Mean Temperature = 2 


- 
2.5° F. 
0.0° F. 
9.76° F. 
es Denver Total 14.05” .233 
Fraser Total 19.15” 133 
Praser Chinook 2.94” "336 
Fraser _Non-chinook 16.21” 167 
16.20” .202 
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CHANGES IN DAILY MAXIMUM TEMPERATURE MEAN MAXIMUM TEMPERATURE 


TYPES--DENVER AREA... RELATIONS--FRASER AND DENVER 
6 
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MEAN MAXIMUM TEMPERATURES IN DEGREES FAHRENHEIT 


+ZERO DEPRESSED 


Fic. 14. Relations of maximum temperatures and chinook winds. 
Right: Mean maximum temperatures, by months, at Fraser and at Denver, difference 
between these temperatures, and mean monthly frequency of chinook winds. 
Left: Changes in daily maximum temperatures in the Denver area accompanying 
westerly winds of various types. 


A. 


Mean change in daily maximum temperature, by months, accompanying all 
westerlies (Class A, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying warm 
westerlies (Class B, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying cold 
westerlies (Class C, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying warm 
chinooks (Class D, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying warm 
westerlies not chinooks (Class E, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying cold 
chinooks (Class F, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying cold 
westerlies, not chinooks (Class G. Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying all 
chinooks (Classes D and F, Fig. 13). 

Mean change in daily maximum temperature, by months, accompanying all 
westerlies not chinooks (Classes E and G, Fig. 13). 
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is the absence of a convincing correlation of the differences between mean maximum 
temperatures and the mean monthly number of chinook winds. 

Investigation of the day-by-day changes in maximum temperature, and their 
relation to wind direction and changes therein, discloses that the temperature 
changes accompanying wind shifts to a source direction having a westerly component 
may be meteorologically spectacular once or twice in a season, but that the net 
climatic effect of these temperature changes is almost inconsequential. Monthly 
mean values of these changes, as computed for the period 1930-1948, from Denver 
data, are shown in Figure 14 (left). Annual values of these and other pertinent 
data comprise Table I. 

Annual mean value of the elevation of the maximum temperature at Denver as 
a result of chinook winds, as computed for the period 1930-1948, is 0.231° F. 
Probable elevation of the Denver mean temperature, computed from the daily 
weather reports for the same period, is 0.238° F. The figure “Denver Mean 
Temperature Corrected” is arrived at by subtracting the elevation of the Denver 
mean temperature by chinooks (as computed) from the Denver mean temperature 
as observed (“Denver total,” Table I). ¢ 

From the above figures, it becomes apparent that the climatic effect of chinook 
winds, insofar as their influence on plains mean temperatures is concerned, is very 
small indeed. At least suggestive is the relation of the Fraser mean temperature 
to that of Denver—32.5° F. and 50.0° F. respectively. Potential temperature of 


Fraser air, when depressed to Denver elevation, is 51.475° F. Simple arithmetic 
shows Denver air, warmed by the intermittent transmountain motion producing 
chinook winds, is still 1.475° F. cooler than it would be were the transmountain air 
motion continuous, but dry adiabatic in its mechanics. 


Precipitation Effects 
Changes in Magnitude. 

Monthly mean precipitation at Fraser and at Denver, as recorded by the Weather 
Bureau, are shown in Figure 13. Precipitation at Fraser during chinook winds 
is shown, in comparison with other relevant precipitation data, in Figure 15. 

Correction of Denver rainfall, to indicate what it would be were there no moun- 
tain influence, was accomplished by multiplying the monthly values of the chinook 
precipitation at Fraser by the ratio of Fraser non-chinook precipitation to Denver 
precipitation ; and then adding the result to the observed Denver precipitation for 
the appropriate month. The resultant precipitation at the two stations (Fraser 
non-chinook and Denver corrected, Table I) is substantially identical, when annual 
values are considered. This apparent agreement, however, is not as great when 
individual monthly values are considered, so that the method of making the correc- 
tion is open to question, and the resultant corrected values of Denver precipitation 
should be considered as indicative approximations, not as rigorously proven facts. 

Chinook winds (classes D and F) not only lose moisture on the windward side 
of the Front Range, due to rapid elevation, with resultant cooling to and below the 
dew point; but also remove snow, and other available moisture, from the plains 
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PRECIPITATION ALONG FRASER--DENVER TRAJECTORY, BY MONTHS, PERIOD 1930--1948 


Fic. 15. Chinook and other precipitation at Fraser and Denver. 
V. Precipitation at Fraser on days with chinooks (classes D and F, Fig. 13). 
W. Precipitation at Fraser on days without chinooks (wind classes not D and F, 
Fig. 13). 
. Total recorded precipitation at Fraser (V plus W, above). 


Y. Recorded precipitation at Denver. 


Precipitation at Denver corrected for loss due to chinook precipitation at Fraser. 
This is the precipitation that. would (theoretically) occur at Denver were the 
mountains not to windward. 


Z 


area, largely by sublimation, so that recorded precipitation in that area is somewhat 
greater than agriculturally effective precipitation. 

Figures on snow removal by chinook winds, as computed from the previously- 
determined dates of chinooks, and the U. S. Weather Bureau snow depth observa- 
tions at Denver, are presented in Figure 16 (right). It should be specifically noted 
that these curves deal only with snow removal, neglecting evaporation of liquid 
water, which, although considerable, is not indicated satisfactorily, for the purposes 
of this investigation, by available records. 

These figures show that, although great amounts of snow are occasionally re- 
moved by chinook sublimation (8.0 inches in one chinook; May, 1935: 13.0 inches 
by three chinooks ; Nov. 1946), the average snow removal by chinook winds is quite 
small, although not negligible. 

Snow removal per chinook wind is presented in two curves. The first (Curve 
B, Fig. 16, right) is computed by dividing the mean snow removed by chinook 
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winds during a month by the mean number of chinook winds in that month. Be- 
cause some chinook winds take place when the ground is already snow-free, curve 
B gives an overconservative impression of the sublimating ability of chinook winds, 
and a second curve (C, Fig. 16), computed by dividing the mean snow removed 
by chinook winds during a month by the mean number of chinook winds removing 
snow, is presented, for comparison purposes. 

When the loss of precipitation on the plains due to windward precipitation in 
the mountains (chinook precipitation, V in Fig. 15) is considered in conjunction 
with snow removal after precipitation on the plains (Curve A, Fig. 16, right), the 
meteorological semiaridity of the high plains is not only clearly demonstrated, but 
is actually greater than is indicated by most published figures. In addition, the 
effective precipitation at Denver, as here computed (Fig. 16, left), is in excess of 
the actual effective precipitation, for evaporation of liquid water, and of capillary 
water at the soil surface, during chinooks, is not considered. 

Relations of potential, observed, and effective precipitations at Denver, as com- 
puted from official records, with the limitations outlined above, are presented in 
Fig. 16 (left). ‘ 


Changes in Variability. 

The capricious precipitation of the high plains area is well known, as is that of 
the mountain region. Extreme month-to-month and year-to-year variations in the 
amount of precipitation accompanying chinook winds were shown by analyses during 
the course of this investigation. 

Local “authorities” in various areas insist that the variability of precipitation in 
their particular area is due almost entirely to the chinook winds.** Statistical 
analyses of the precipitation variabilities at Fraser and at Denver, using U. S. 
Weather Bureau observational data, and the previously-cited figures derived from 
it, disclose that these local reports are neither wholly correct nor wholly in error, 
and that chinook winds, with their accompanying precipitation, are quite definitely 
stabilizing influences on the precipitation at windward locations; whereas chinook 
effects make leeward precipitation more capricious. 

Mean deviations and variability indices, computed by standard methods,” for 
various components of Fraser and Denver precipitation, are shown in Figure 16 
(center), on a monthly basis, and annual values of the precipitation variability in- 
dices are shown in Table I. 

Notable here is that the non-chinook precipitation at Fraser is more variable 


24 Verbal reports attributing this variability to such nonmeteorological agencies as “The 
Democrats,” “The Catholics,” “The New Deal,” or other “scapegoat” classes, are not here 
considered. These somewhat vituperative attributions are of possible importance to the sociolo- 
gist or the social psychiatrist, particularly in view of the local superstition that the political party 
in power is voted out every time there is a drought or flood. 

25 For formulae and methods of computation see R. L. Ives, “Rainfall Variability,” Pro- 
ceedings of the Indiana Academy of Science, LVIII (1948), 196-204; or any advanced cli- 
matology text. 
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than the total precipitation (curves K and F, Fig. 16, center), and that the chinook 
precipitation is much more variable than any other type considered (curve C, Fig. 
16, center). Here, as in almost all other precipitation phenomena considered, the 
variability is most when the magnitude is least. These three curves show plainly 
that chinook precipitation, at Fraser, is a stabilizing precipitation influence. 

At Denver, a plains station, to leeward of the Front Range, the total observed 
precipitation is not only less than that at Fraser, but is somewhat more variable 
(curve D, Fig. 16, center). Variability of the corrected precipitation at Denver, is 
somewhat less (curve Q, Fig. 16, center), indicating that chinook precipitation on 
the windward side of the range has a destabilizing influence on Denver precipitation, 
and that, in all probability, Denver would have not only more, but more dependable, 
precipitation were the mountains not there. 

Wind 

Wind records from the Colorado High plains area, and from adjacent mountain 
regions, are not as complete as those of precipitation and temperature, but furnish 
an approximation of conditions during chinook winds. 

Reports current in many plains towns describe the air motion during chinook 
winds as of nearly hurricane speed, giving the impression that each chinook is 
accompanied by major damage. Study of records kept by co-operative observers in 
Boulder, Longmont, and Fort Collins; and of the more complete series of records 
and compilations at the Denver office of the U. S. Weather Bureau (see also Fig. 
8) ; does disclose many accounts of large buildings either blown down by chinook 
winds, or that fell down during them; of anemometers, that registered 75 mph. and 
then “took off toward Kansas like a helicopter,” and even one recurrent tale of a 
train blown off the track by a chinook. Analysis of the same records, however, and 
wind-by-wind checking of velocities, shows that wind speeds during both chinooks 
(meteorologist’s definition) and warm westerlies do not exceed 35 mph. more than 
once or twice a season, and that the average wind speed during the warmest four 
hours of a chinook is between 15 and 20 mph. Notable also, in locations where 
anemometric recorders are in use (such as Denver and Boulder), is the gusty and 
erratic behavior of the wind during a chinook. 

Areally, the distribution of wind velocity is also very erratic. Some stations 
may experience chinooks of considerable force, with speeds up to 50 mph.; while, 
at the same time, a town only a few miles away will have very little wind. A part 
of this areal variability is explainable aerodynamically, the town enjoying the rela- 
tive calm being in a leeward eddy, whereas the town having the high wind is exterior 
to the eddy. This seemingly erratic distribution of wind motion is in part related 
to the lee pressure trough east of the Rocky Mountains, a static area of low pressure 
resulting from transmountain air flow.?® 


Other Modern Effects 


A large number of regional weather vagaries are attributed to chinook winds, 
although the evidence for such attribution is not all that could be desired in either 
quantity or clarity. These supposed chinook effects will be mentioned briefly 
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SNOW REMOVAL BY CHINOOK WINDS 
INCHES 


EFFECTIVE PRECIPITATION--DENVER VARIARILITY INDICES 
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Fic. 16. Chinook—precipitation relations. 
Left: Effective precipitation at Denver. 

Curve P Corrected precipitation at Denver. 

Curve Q Observed precipitation at Denver (U. S. W. B. records). 

Curve R_ Effective precipitation at Denver (observed precipitation minus chinook 

sublimation of snow). 
Curve S Percentage relation of effecive precipitation to corrected precipitation 
(computed from R/P). 
Center: Precipitation variability indices, Denver and Fraser. 
Chinook precipitation at Fraser. 
Observed precipitation at Denver—variability index. 
Total precipitation at Fraser—variability index. 
Non-chinook precipitation at Fraser—variability index. 
. Corrected precipitation at Denver—variability index. 
: Snow removal by chinook winds. 

Mean inches of snow removed by chinook winds (classes D and F, Fig. 12, 
center). 
Mean inches of snow removed per chinook wind (this is computed by dividing 
the mean snow removal per month by the mean number of chinook winds 
during the same month). 

C. Mean inches of snow removed by chinook winds removing snow. 

D. Mean inches of water equivalent to snow removed in curve A, above. 

To evaluate curves numerically, use scale designated by same letter as curve. 


here, but should be regarded as subjects for further investigation, rather than as 
proven cases. 


Pressure Effects. 

Many variations in barometric pressure in the high plains region close to the 
mountains are attributed to chinook winds, and to the eddies set up by them. Be- 
cause the barometer varies only slightly during most chinook winds, (Fig. 7, left), 
the variations in pressure may be related either to the eastward lee trough (reference 
26), or to some other factor not now recognized. 
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Static Electricity. 

During a chinook wind, metal objects insulated from ground tend to charge 
positively to high voltages, so that intense “wind static” or “snow static” interferes 
with wire and radio communications. The action here is somewhat like that of a 
Vandegraff generator, as charged particles of ice or dust pass the metal object and 
transfer a part of their charge to it. The effect is similar to that of dust and sand 
storms in desert areas.27 Wire fences sometimes accumulate charges sufficiently 
strong to kill livestock, and it is possible to keep a neon lamp (3-watt) in blue arc 
discharge for several hours during such a wind when it is connected to a 100-foot 
accumulator wire about two feet above ground. 

When chinook static is very strong, most gasoline-powered vehicles are stalled 
by ignition failure, a problem not encountered by deisel-engined vehicles. Serious 
traffic stagnations have occurred several times on the main Denver-Cheyenne high- 
way from this cause.** 


Radio Communication. 

Radio communication becomes quite erratic during strong chinooks. Not only 
are messages hashed by static, but interference from stations that normally “skip 
out” is quite common. This is attributed to reflections from the crest clouds and 
cumulus rolls, and such attribution is at least geometrically correct. Not explained 
by geometry is the reported deviation of aeronautical beams during chinooks. 


Sound Effects. 

Ordinary sonic communication is also disturbed during chinook winds, so that 
conversations can be heard over great distances in directions along the wind motion. 
It has been reported that train whistles at Tabernash, Colo., on the west side of the 
Front Range, can be heard near Boulder, Colo., about 80 miles distant on the east 
side, during strong chinooks. Careful listening near Boulder indicates that sounds 
like train whistles can be heard there during chinooks, but there is no assurance that 
these sounds are train whistles, or that they originate at Tabernash.”° 


Icing Conditions. 

Windward of the crest of the Front Range, chinook precipitation is quite fre- 
quently in the form of small supercooled droplets, which “flash” into crystalline ice 
when shocked or disrupted. These become rime coatings when blown against rocks 
(Fig. 9), and produce heavy accumulations of ice on moving vehicles and aircraft. 


26 DeVer Colson, “Air Flow Over a Mountain Barrier,” Transactions of the American 
Geophysical Union, XXX (1949), 818-831; Paul Queny, “The Problem of Air Flow Over a 
Mountain: A Summary of Theoretical Studies,” Bulletin of the American Meteorological 
Society, XXIX (1948), 16-26. Further investigation of this problem is currently in progress 
by the U. S. Weather Bureau. 

*7R. L. Ives, “‘High Potential’ Areas in North America,” American Jorunal of Science, 
CCXLIV (1946), 263-270. 

*8U. S. Weather Bureau Climatological Data, Colorado Section, for January, 1933. 

*9 See also W. J. Humphreys, Physics of the Air, New York, 1940, pp. 430-436. 
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Dust Storms. 


By removing much or all of the surface snow, during times when vegetative 
protection is least, and occasionally also removing the capillary imoisture from the 
soil surface, chinook winds increase the tendency of some plains soils to blow, and 
hence are, or may be, contributing factors in the production of dust storms. 

Net effect of this desiccation is somewhat hard to evaluate from extant records, 
for the so-called “dust bowl” interval took place during the period under investiga- 
tion, and was preceded by some years of unwise extension of agricultural lands, as 
well as by considerable overgrazing. However, as chinook winds comprise less 
than half of all westerlies, at least a part of the “dust bowl” tendency in the high 
plains is not due to chinooks at all. 


Ancient Chinook Effects 


Pleistocene. 

During the Pleistocene, a geological epoch extending backward in time from now 
to the beginning of the first major glacial advance, perhaps 1,000,000 years ago, the 
climate changed repeatedly in most or all parts of the world, alternating from warm 
periods, with climates much like those today, or slightly warmer, to cold periods, 
during which world temperatures were depressed considerably (perhaps 10° F.) and 
glacial ice occupied large areas in high latitudes and altitudes. 

Wind motion, during much of the Pleistocene, was in the same general directions 
as wind motion today, as is evidenced by large numbers of ventifacts (Fig. 4), and by 
the distribution of loess.*° All of this evidence indicates that, in the Colcrado high 
plains area, winds during the Pleistocene, or major parts thereof, were predomi- 
nantly from the west and northwest. Strong indication that many of these winds 
were chinooks is given by the extent of glaciers in the Colorado Front Range. In 
general terms, glaciers rising on the west side of the range were about twice as long 
as those rising on the east side, indicating much greater precipitation on the wind- 
ward side, as is the case today during chinook precipitation.*? 

From the above evidence, it can be assumed with some confidence that there were 
chinook winds during at least the greater part of the Pleistocene. This being the 
case, the pattern of the continental ice sheets on the plains east of the Rocky Moun- 
tains should be modified by the combination of rain shadow effects and sow subli- 


30R. F. Flint, Glacial Geology and the Pleistocene Epoch, New York, 1947, pp. 178-187, 
Fig. 46, and included bibliography. 

31 R. L. Ives, “Glacial Geology of the Monarch Valley, Grand County, Colorado,” Bulletin 
of the Geological Society of America, XLIX (1938), 1045-1066: “Glaciation in the Colorado 
Headwaters Area, Colorado,” in preparation: “Glaciation in the Silver Lake Valley, Colorado,” 
in preparation. . 

W. D. Jones and L. O. Quam, “Glacial Land Forms in Rocky Mountain National Park,” 
Journal of Geology, LIT (1944), 217-234. 

Kirk Bryan and L. L. Ray, “Geological Antiquity of the Lindenmeier Site, Colorado,” 
Smithsonian Miscellaneous Collection, XCIX, No. 2 (1940), 76 pp. 
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mation by the desiccated leeward chinook air. These two effects should reduce the 
southward extent of the continental ice near the mountains, producing an ice-free 
channel between the mountains and the continental glaciers. Reference to any stand- 
ard glacial map of North America, such as the Geological Society of America’s 
map,*? shows that such a channel existed during periods of great ice extent. General 
relations of continental ice, alpine ice, and ice-free land, during the later Pleistocene, 
are shown in Fig. 17. Qualitatively, this gives the impression of rigorous proof! 
Quantitatively, the picture is less clear, for the volume of ice in the windward moun- 
tains, liberally estimated, is only about one per cent of the volume necessary to main- 
tain a thin ice sheet from the mountains to the western edge of the continental 
glaciers! 

The asymmetrical distribution of Pleistocene ice in the Front Range can be at- 
tributed to chinook effects, largely windward precipitation, with some confidence, 
for the relative unbalance in glacial volume during the Pleistocene is very nearly 
the same as the relative unbalance in precipitation today (see climatic charts, Fig. 3). 
Presence of the ice-free channel, east of the Front Range, is most plausibly explained 
by the elevation of the high plains (about 5,000 feet) relative to the ice sources, and 
the relation of the high plains to the lower-level ice-drainage routes southward 
through the Missouri valley. (See reference 30 for more detailed discussion of ice 
flowage in North America.) 


Pre-Columbian. 

During the interval between the recession and ultimate vanishment of the North 
American continental ice sheets and the lasting settlement of the continent by Euro- 
peans; the American Indians and their predecessors—the Sandia, Folsom, and 
Yuma Men, had an extensive network of trails and encampments along the eastern 
front of the Rocky Mountains, as is indicated by their campsites, such as the Linden- 
meier Site, in Colorado.** Until quite recently, it was believed that each of these 
cultures became extinct due to climatic or other changes. Present evidence suggests 
that the various human groups migrated eastward, toward the low plains, when 
conditions of life became too rigorous, in the high plains area, for primitive man and 
the herbivores which he hunted. 

Presence of numerous ancient campsites along the western edge of the high 
plains may be due, in part, to relatively snow-free conditions in winter, but is most 


8? R. F. Flint and others, “Glacial Map of North America,” Geological Society of America, ° 
Special Papers 60, 1945, 37 pages and map. 

83 Kirk Bryan and L. L. Ray, “Geological Antiquity of the Lindenmeier Site in Colorado,” 
Smithsonian Miscellaneous C ollection, XCIX, No. 2 (1940), 76 pp. 

R. L. Ives, “A Cultural Hiatus in the Rocky Mountain Region,” Southwestern Lore, VII 
(1941), 42-46. 

R. K. Cassell, “A Postulated Corridor of Folsom Migration,” Papers of the Michigan 
Academy of Science, Arts and Letters, XXVI (1941), 451-457. 

R. L. Ives, “Early Human Occupation of the Colorado Headwaters Area,” Geographical 
Review, XXXII (1942), 448-462. 
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Fic. 17. Relation of continental ice sheet, alpine ice, and ice-free land in the high plains 
area, based on work by Flint and others. Note wide ice-free channel between mountains and 
continental ice sheet. 
probably the result of an adequate supply of firewood there in winter, adequate water 
in summer, and shelter from winds at all seasons. Thus, even though chinook winds 
occurred in pre-Columbian times in this area, their importance to primitive man may 
weii have been slight. 


SUMMARY AND CONCLUSIONS 

Chinook winds, by any common classification, are most frequent in the high 
plains area in winter, and less frequent in summer. Both winter and summer por- 
tions of the chinook distribution curve are bipeaked, suggesting dual causative 
factors. 

Classification of westerly winds in the high plains region is not possible from 
plains information alone, but can be done, for uncomplicated cases, from plains in- 
formation plus a precipitation and temperature report from a strategically-placed 
mountain station. 
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Complicated chinooks, in which the precipitation takes place on the windward 
side of one mountain range, and the descent of warm air occurs only after transit of 
a wide expanse of territory, cannot be so easily detected, and are here classed merely 
as westerlies, because of lack of observational data. 

Chinook winds, as defined by the meteorologist, are much less frequent than 
winds similarly classified by the plainsman, and the total number of chinook winds in 
a year averages only 39.26, of which a majority are detectable only after a careful 
study of the meteorological records. 

Careful evaluation of the effects of chinook winds indicates that they have a 
negligible influence on annual climatic averages, as their effects, spread over a year, 
are somewhat less than the probable error in individual instrument readings. 

In contrast, their meteorological effects (one day) are considerable, and the im- 
pact of these meteorological effects on human activities may be considerable for a 
short time, such as one day. 

In general, chinook winds produce a small increase in precipitation at windward 
stations, on the west side of the Front Range ; a decrease of perhaps 20 per cent in ef- 
fective precipitation on the plains, as a result of loss of windward precipitation and 
sublimation of snow ; a very slight increase in annual mean temperatures at leeward 
(plains) stations. 
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1932, was a world renowned agricultural geographer and population expert. 

He achieved this renown as a result of exceptionally earnest effort and per- 
sistence, notable initiative, and willingness to accept responsibility. The son of a 
Cape Cod sea-captain and of a teacher daughter of a Vermont farmer, Dr. Baker's 
earnestness reflected his ancestry. 

Dr. Baker was born in Tiffin, Ohio, September 10, 1883. He graduated from 
Heidelberg College in Tiffin while he was still 19, having majored in history and 
mathematics. He received a master’s degree in philosophy and sociology from 
Heidelberg the next year. In the following year, he was granted a master’s degree 
in political science by Columbia University. The year 1907-08 was spent in the 
Yale University School of Forestry. Then, 1908-12, he did graduate work in agri- 
culture at the University of Wisconsin. There, he co-authored a substantial Wiscon- 
sin Experiment Station bulletin on the climate of Wisconsin and its effects on agri- 
culture (1912). During the summers, 1910-12, he worked with the Wisconsin Soil 
Survey. He joined the United States Department of Agriculture in 1912 and, ere 
long, became highly influential, partly because of his active participation in the Year- 
books, to which he contributed for 23 years (1915-38) and several of which he 
edited. 

He first became very widely known as co-author of Atlas of World Agriculture, 
published in 1917 by the United States Department of Agriculture. Not long after 
it appeared, he returned to Wisconsin for further graduate study, this time in eco- 
nomics, and was awarded the Ph.D. in 1921. An honorary doctorate from the for- 
eign university most widely known for its activity in agriculture, Gottingen, was 
awarded him in 1937. The success of the Atlas of World Agriculture stimulated 
progress on the ambitious Atlas of American Agriculture, of which he was instigator, 
planner, and editor. it was published in parts between 1918 and 1936. 

Dr. Baker was part-time professor at Clark University from 1923 to 1927, and 
later gave several series of lectures at other universities. When the journal, Eco- 
nomic Geography, first appeared, he was associate editor and later contributed a dis- 
tinguished series of regional articles on the agricultural geography of North America, 
based in part on extensive field studies. 

About 1920, Dr. Baker became deeply interested in the most valuable farm prod- 
uct, outstanding citizens, and henceforth population problems absorbed an increasing 
share of his attention. During the 1930's, he stimulated surveys of rural youth and 
participated in several of them. In his later years he devoted much of his energy 
to population problems. 

Recognizing that few of the world’s people live under even half-satisfactory con- 
ditions, Dr. Baker did what he could to improve the lot of farmers in America. He 
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did this partly by notably increasing popular appreciation of the varied and great 
contributions of farm families to the nation’s welfare. He also Sought to forecast 
the early future of farming through.the study of recent trends. These forecasts 
aided in wise planning. He made a number of constructive, specific suggestions as 
to how farm life might be improved, based in part on his study of farming in other 
lands. 

Dr. Baker realized far more than do most people the great significance of wise 
leadership. Leaders should have superior training and opportunities, and also su- 
perior ability. He became deeply concerned over the few children reared by many 
of the more able people of America. For decades our exceptionally well-endowed 
people have reared too few children to maintain their proportion in the population. 
Dr. Baker realized that the future is somber if most of the future generations come 
from families of those who are poorly qualified to rear future leaders. Hence he 
spoke often to groups of leading women and to other well-educated groups on the 
desirability of more children from families well qualified to rear them, Dr. and Mrs. 
Baker, daughter of the highly distinguished physicist Henry Crew, reared four 
children. 

In 1942 Dr. Baker accepted the invitation of the University of Maryland to es- 
tablish a Department of Geography. His plans were ambitious. The staff he as- 
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sembled included several very unusual men—a native of Netherlands, one of China, 
one so long and intimately in Latin America as to be almost a native, and an eminent 
authority on the Soviet Union. When Dr. Baker retired in July, 1949, from the 
management of the department, to devote himself so far as possible to completing 
his researches, the staff consisted of nine men, and the Department attracted a sizable 
share of the University’s undergraduate and graduate students. Graduate students 
came from far and wide, and numbered 40 before Dr. Baker died. The Department 
which started from scratch in 1942 has already conferred 9 masters degrees and 


5 doctorates. 


Although in innumerable conferences Dr. Baker gave of his strength and time 
“too generously” to students, staff, and visitors, he also taught a relatively heavy 
schedule. In addition, he initiated and assisted with two ambitious research projects, 
the Atlas of World Natural Resources and the China Atlas. That he did not live 
to contribute more to these atlases is an irreparable loss to Geography. 

For years, Dr. Baker was interested in China. His 1928 article on Chinese agri- 
culture aroused very widespread discussion. The now-famous John Buck’s Study 
of Land Utilization of China was first suggested by Dr..Baker, and he sponsored it 
in 1929 before the Research Committee of the Institute of Pacific Relations. The 
projected China Atlas was further evidence of his continued interest in China. 

Commencing in the 1930's, Dr. Baker’s interests in regional agricultural geog- 
raphy and land utilization declined relatively. He continued to be recognized as the 
outstanding expert in these fields, and he taught them at the University, and dis- 
cussed them helpfully with numerous other people. Visitors from all major parts of 
the world called on him for help by letter or in person and he unselfishly did so much 
to assist them that their appreciation of American generosity and efficiency was 
nearly always augmented. Dr. Baker quietly lived the Golden Rule as a firm believer 
that all men are brothers—he recognized no barriers of race, creed, or nationality. 

His knowledge of American agriculture was profound. No graduate student 
who attended his seminar on Land Utilization and Agricultural Production will ever 
forget his presentation of his field observations and the results of his anlysis of census 
data concerning the conditions and problems of agricultural land use throughout the 
United States. His understanding of the areas and their problems was remarkable, 
and he made each region real for his students. 

Various population problems were of increasing concern to Dr. Baker. These 
included rural-urban migration, the stability of the family, the desirability of better 
living conditions on farms, population quality, and the “outlook for population.” 
In his later years he no longer cared simply to describe and interpret conditions of 
the immediate past, as he had done in his earlier years. Instead he endeavored to 
predict the future assuming continuation of various existing trends. Hence he strove 
earnestly, almost passionately, to reverse undesirable trends. He was especially 
concerned about the instability of modern urban culture. He sincerely believed that 
the real strength and enduring greatness of America lies in the preservation of the 
stable patterns of rural life. 


As to agriculture, he concluded that family ownership for many successive gen- 
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erations is highly desirable. To assist in bringing this about, farms should have two 
houses; one for the older couple and one for the younger which will in time “take 
over.” And living conditions on farms should be so desirable as to retain enough 
of the nation’s more able people to operate them, with the help of excellent equip- 
ment. Dr. Baker believed that in this distraught world “farms are like islands in a 
troubled sea.” Hence he purchased a farm in Virginia and improved it greatly, 
with the expectation of living on it after retiring from teaching, and of having it 
taken over by his son and subsequently by a grandson and later descendants. (His 
son is now on it.) 

Dr. Baker’s whole being is well epitomized in a statement by one of his early co- 
workers, Dr. Vernor C. Finch, who writes: 

“Dr. Baker was not much concerned over the popular but changing currents in 
geographical thought. He was concerned always about the many problems of re- 
gional economy, especially rural economy, and their inherent relation to the land. 
He sought in his studies to make clear, by means of the written word and graphic 
device, the nature and areal distribution of important associations of geographical 
facts. These he presented in forms suited to the broadening of public understanding. 
He was fortunate in having at his command the vast statistical and textual resources 
of Washington libraries and bureaus of information. In these Dr. Baker’s practiced 
eye recognized not only geographical problems but a wealth of material suitable for 
their interpretation. To him no task seemed too great and no labor too hard when 
it was directed toward the interpretation of significant facts and associations in the 
areal scene. 

“In spite of the fact that Dr. Baker worked almost continuously under pressure 
and drove himself to accomplish projects he had undertaken, he was always consid- 
erate of those who worked with and for him.” 

Dr. Baker’s great accomplishments resulted from his earnest efforts and high 
mental ability despite lack of physical vigor. As a lad his health was so poor that 
he did not start school until he was 12. During recent decades he generally appeared 
tired. But he pushed on courageously. The evening before his death he met a 
seminar class for some hours, after which he discussed at length and very helpfully 
some problems of India with a geographer therefrom. 

He accomplished much excellent work and encouraged others to do more and 
better work than they would otherwise have done. He envisioned numerous valuable 
studies, several of which he instigated or sponsored and thus made possible. He 
stimulated many people to serious thought, notably widening their vision. For good 
work he had great appreciation. 

To younger geographers, Dr. Baker is an excellent example of the desirability 
of obtaining very broad basic training, of earnest effort to achieve lofty objectives, 
of exceptional cooperativeness, and of careful, logical workmanship. His early 
training covered a wide range, including botany, sociology, mathematics, philosophy, 
political science, forestry, soils, climate, agriculture, and economics. And this wide 
hase greatly aided his subsequent achievements. His early accomplishments and his 
willingness to undertake new responsibilities helped greatly to increase his influence 
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in the United States Department of Agriculture and elsewhere. Significant also js 
the fact that he came to devote much of his effort to population problems which far 
too few geographers have faced squarely. 

He indeed lived a useful life. He not only contributed notably to geography and 
public education, but he inspired genuine and warm human relationships. With his 
passing, geography has lost a stimulating leader and humanity has lost a splendid, 
notable world citizen. 

To these words, there may appropriately be added three brief statements. The 
first is by Dr. Gentilcore, a graduate student under Dr. Baker and now an instructor 
at Indiana University ; the second is by Dr. Anderson, who was both a graduate stu- 
dent and a faculty member, now an assistant professor, at Maryland ; the third, by 
the recent Director of the American Geographical Society, was read at the Associa- 
tion’s last meeting. 


STATEMENT OF R. L. GENTILCORE 


“During most of my three years of graduate work in Geography at the Univer- 
sity of Maryland, Dr. Baker was a constant friend, adviser, and source of inspiration. 
I was privileged to take two graduate courses under him, a two-semester seminar in 
land use and a two-semester lecture course in population problems. Soon after 
meeting me and learning that I was Canadian, Dr. Baker, always eager to learn of 
extension methods in other countries, asked me about the work of the Co-operative 
Movement in eastern Nova Scotia. I knew little of the Movement then, but the 


question led me to do some thorough investigating and resulted eventually in my 
doing a Ph.D. study in eastern Nova Scotia. In connection with this study, I was 
most fortunate in having Dr. Baker with me in the field for a week in the summer 
of 1949. 


“Other graduate students who have worked with Dr. Baker have profited in like 
manner from association with him. All of us were constantly heartened by the in- 
tense interest he showed in us and in our work. He was concerned more whether 
such work could be translated into action for the common good rather than whether 
it adhered to demands of tradition within the geographic field. He urged us to de- 
vote our efforts to the study of important problems. He set no limits on the nature 
of such problems. He emphasized instead the part that geographers, with their 
broad training, could play in analyzing and understanding the conditions in a prob- 
lem area and in advancing concrete recommendations for their improvement.” 


STATEMENT OF JAMES R. ANDERSON 


“Students at the University of Maryland and who had classes under Dr. Baker 
found him to be an inspiring teacher, an untiring friend, and a courageous man of 
action. We who took his land utilization seminar, conducted in the congenial at- 
mosphere of his home, and his course in population problems, which was always 
crowded to capacity, were repeatedly astounded by his breadth and depth of under- 
standing of student selected problems and topics. He was always most receptive 
of challenging ideas and eager to keep informed of current research in many fields. 


be 
| 
| 
| 
ay | 
| 
\ 
ag 


1950 Ouiver Epwin BAKER 333 


In discussing the subject of my doctoral thesis he admonished me to “contribute 
something of practical value to those people residing in” my chosen area of study. 
The time he spent with me in Morgan County, Indiana while directing my disserta- 
tion will long be pleasantly remembered. It was then that I more fully realized 
some of those qualities which characterized his research and writing. His keen ob- 
servations, his recognition of the pertinent, his clarity of expressing the significant, 
and the unique ability to use the striking statement gave ‘him world recognition 
among laymen and scholars alike.” 


JOHN K. WRIGHT'S TRIBUTE TO O. E. BAKER 


“His deeply earnest studies of problems of rural population, food supply, and 
agricultural economics won him international repute: as planner and editor of the 
Atlas of American Agriculture he contributed a large body of basic source material 
to geography. Elected to membership in 1915, and thereafter an active member of 
our Association, he served as Vice Presidest in 1924, as Councilor 1925 to 1927, and 
as President in 1932. 

“His Presidential address, delivered in the darkest days of the economic depres- 
sion, dealt with the migration of country folk to the cities and with evils inherent 
therein. Baker sought solutions through planning: ‘The most feasible means,’ he 
said, ‘of saving this civilization is through the relocation of industrial establishments 
in villages and the further development of suburban residential districts around com- 
mercial cities, in the hope that the more pleasant and normal environment will pro- 
mote family life and the raising of children.’ ” 
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ing intellect. His knowledge and wisdom made him a valued consultant to 

presidents, statesmen, and students. His ability swiftly to penetrate a problem, 
reach a decision, and set machinery in motion to accomplish his aim made him a great 
administrator. His boundless energy he carefully channelled so as to be able to do 
more things than several ordinary men could hope to accomplish. His record of 
achievement in public affairs and in publication and scholarship is monumental. 
His bibliography is a measure both of his interests and his energy. Possibly no ge- 
ographer since Von Humboldt has contributed so much to so many aspects of the 
broad field of geography. 

Isaiah Bowman was born December 26, 1878 in Waterloo, Ontario. His father 
was a farmer who moved to a log cabin in Michigan when Isaiah was 8 weeks old. 
Here Isaiah grew up, early interested in natural history, in reading, and in geog- 
raphy. As a young man of 18 he began teaching country school and to go to sum- 
mer schools to improve himself. This trail led to the Ferris Institute, then to the 
State Normal School at Ypsilanti and the formative influence of Mark Jefferson. 
Thence he went to Harvard for training under William Morris Davis. Of the rigors 
and values of Davis’ training and the influence of Jefferson he was to speak affec- 
tionately for the rest of his life. 

In 1905 he went from Harvard to Yale. He rapidly established geography there 
as a respected University subject. Under Bowman geography was a severe dis- 
cipline respected by men in bordering fields. He taught a course for the Forestry 
School from which came his Forest Physiography, a work full of fundamental knowl- 
edge on soils, vegetation, climate, geology, and land forms. While at Yale he went 
on three expeditions to South America. Desert Trails of the Atacama and The 
Andes of Southern Peru are the great memorials of this work. But no student of 
those regions can afford to overlook the flood of articles, notes, and reviews that 
also sprang from this work. 

Mr. Bowman became a member of the Association of American Geographers 
in 1906, and he served the Association actively during its early years. He was its 
second vice president in 1912; its secretary, 1914-16; and its president in 1931. In 
1915, while he was secretary of the Association, Mr. Bowman became director of 
the American Geographical Society and thus held a unique position in the affairs of 
American geography. 

Mr. Bowman so vigorously directed the American Geographical Society into 
scholarly work that he made it the leading society of its kind. The monographic 
series of the Society show great breadth of interest and complete freedom from nar- 
tow delimitation of the field of geography. Upon the entry of the United States 
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into World War I he placed the Society at the service of the government. The So- 
ciety became the center of “The Inquiry,” as the group preparing materials for the 
peace conference was called. This led to an important role for Mr. Bowman at the 
peace conference and to invaluable experience with world diplomacy. From these 
experiences came The New World, a book that has had unique influence not only in 
America and on geography but throughout the world and on many allied disciplines, 

While at the Society Mr. Bowman initiated the mapping of Latin America on 
the millionth scale. This vast project was to run for a period of 25 years before 
completion and to win recognition as one of the great geographic accomplishments 
of our time. It is representative of Mr. Bowman that the physiographer-Latin 
Americanist, turned political geographer, should in the period between the wars 
when interest in cartography languished, devote great energy in pushing this project 
to completion. 

Bowman’s interests were broad but consistent. His interest in frontier settle- 
ments and their problems is a theme that appears early in his published works. This 
theme grew with his expanding horizons and culminated in his important works on 
pioneer settlement. A long standing interest in polar exploration also runs as a 
minor theme through Mr. Bowman’s work, and his concern with the place of geog- 
raphy in the field of knowledge and its relation to the Social Sciences was a theme 
that was destined to assume major proportions. This is most fully expressed in his 
book Geography in Relation to the Social Sciences. 

In 1933 with the country staggering in the depths of depression Mr. Bowman 
took the presidency of the Johns Hopkins University. He found a University in 
great difficulty and attacked its problems with his usual energy, directness, and firm- 
ness. He made a notable contribution to the history of a great University. 

All students would profit from reading some of his many addresses. In these 
one meets the social philosopher ; the man keenly aware and deeply concerned about 
the place of the University and the educated man in our society. Many of these 
addresses were printed for the occasion, but some of the finest, notably “On Becom- 
ing a Freeman,” survive only in typescript among his collected papers.* 

During the depression years all attention had to be given to keeping the Univer- 
sity afloat. New ventures could not be launched. When, however, the Army Spe- 
cialized Training Program demanded that geography be taught, an opportunity was 
presented. Senior statf members were indoctrinated and put to teaching geography 
while geographers were sought to take over the task. 

Mr. Bowman was determined that the new department of geography make a 
special contribution to the needs of American geography. He felt that the great 
need was for a school of geography relatively free from undergraduate teaching and 
able to concentrate on graduate work. He aimed at the production of scholars. As 
he once expressed it: “We must be concerned with the seed corn; the material that 
reproduces itself manyfold.” 


* Deposited in the Johns Hopkins University Library. 
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To achieve this it was planned to assemble specialists from the borders of geog- 
raphy. Graduate students placed between such men would be compelled both to 
develop great competence in certain fields and at the same time develop in breadth, 
Systematic and physical geography weighed heavily. Mr. Bowman felt it to be im- 
portant that a young geographer have his feet firmly planted on the earth. His own 
great scholarly achievement in all branches of geography grew out of such training 
with early work concentrated in physical geography. 

Mr. Bowman retired from the presidency of Hopkins in January 1948, The 
following year he devoted much time to the E.C.A. and concurrently assembled ma- 
terials for a series of studies. Unfortunately his life closed before he had brought 
any of these studies to publishable form. How great is our loss can be glimpsed by 
reading some of the prophetic passages in his testimony before the House and Senate 
in the postwar period. How badly we need his wisdom based on so rich an experi- 
ence and such great achievements! Geography has lost a great leader. His record 
of scholarly accomplishments and public service sets a goal before us. His published 
works remain to inspire us to strive for an ever broadening, deepening geographical 
field. 
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The Dwarf Forests of Southern California. Bull. Amer. Geogr. Soc., Vol. 45, 1913, pp. 13-16. 

Geographical Expedition of 1913 to the Central Andes. Results of Professor Bowman’s Ex- 
pedition to South America During the Last Summer. Yale Alumni Weekly, 1913, pp. 
107-108. 

Asymmetrical Crest Lines and Abnormal Valley Profiles in the Central Andes. Sonder- 
Abdruck aus der Zeitschrift fiir Gletscherkunde, fiir Eiszeitforschung und Geschichte des 
Klimas. Berlin. Band VII, 1913., pp. 119-127. 

Geographical Aspects of the New Madeira-Mamoré Railroad. Bull. Amer. Geogr. Soc., Vol. 45, 
1913, pp. 275-281. 

First Report of Professor Bowman’s Expedition. Bull. Amer. Geogr. Soc., Vol. 45, 1913, pp. 
730-753. 

Results of an Expedition to the Central Andes. (Under the auspices of The American Geo- 

graphical Society.) Bull. Amer. Geog. Soc., Vol. 46, 1914, pp. 161-183. 


BOOKS 

Forest Physiography; Physiography of the United States and Principles of Soils in Relation 
to Forestry. 759 pp. J. Wiley & Sons (New York), 1911. 

Review: Practical Exercises in Physical Geography, pp. xi-148 . .. and Atlas for Practical 
Exercises in Physical Geography, by W. M. Davis. Ginn. & Co., 1908. Journ. of Geog- 
raphy, Vol. 7, 1908-09, pp. 70-72. 

Review: The Geology of the Cromwell Subdivision, Western Otago Division. Bulletin No. 5 
(New Series.) By James Park, New Zealand Geological Survey, Dept. of Mines ( Welling- 
ton, New Zealand) 1908. pp. vii-92. Bull. Amer. Geogr. Soc., Vol. 41, 1909, 50-53. 

Review: Geography of the Middle Illinois Valley. By H. H. Barrows. Bull. No. 15, Illinois 
State Geological Survey (Urbana, Illinois) 1910. Bull. Amer. Geogr. Soc., Vol. 42, 1910, 
pp. 690-692. 

Water Resources of the East St. Louis District. Asst. by Chester Albert Reeds. x, 128 pp. 
University of Illinois (Urbana, Illinois), 1907. (Illinois, State Geological Survey. Bul- 
letin No. 5.) 

Well-Drilling Methods. Govt. Printing Office (Washington) 1911, 139 p. (U. S. Geological 

Survey. Water-supply paper 257). 


1915-1925 


JOURNAL ARTICLES AND ADDRESSES 

Northern Patagonia. A Resume of Mr. Bailey Willis’s Surveys along the Forty-first Parallel. 
Bull. Amer. Geogr. Soc., Vol. 47, 1915, pp. 348-357. 

Review of Theodore Roosevelt: Through the Brazilian Wilderness. Charles Scribner’s Sons, 
(New York) 1914. Bull. Amer. Geogr. Soc., Vol. 47, 1915, pp. 216-217. 

Professor Rice as a Scientist. (Tributes to Professor William North Rice. Annual Dinner, 
New York Wesleyan University Club, January 29, 1915). Publ. by The Wesleyan Alumni 
Council, 1915, 14 pp. 

The Country of the Shepherds. (A chapter from The Andes of Southern Peru, Amer. Geogr. 

See. (New York) 1916. Part of the work of the Yale Peruvian Expedition of 1911.) 

Geogr. Rev. Vol. 1, 1916, pp. 419-442. 
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Exploration of the Rio Ananas, Brazil. Geogr. Rev., Vol. 1, 1916, p. 50. 

Non-Existence of Peary Channel. Geogr. Rev., Vol. 1, 1916, pp. 448-452. 

Frontier Region of Mexico. Notes to Accompany a Map of the Frontier. Geogr. Rev., Vol. 3, 
1917, pp. 16-27. 

New Port on the West Coast of Peru. and The Effects of the War on the Chilean Nitrate Re- 
gion. and A New Determination of the Area of Peru. Geogr. Rev., Vol. 4, 1917, pp. 219- 
220. 

The American Geographical Society’s Contribution to the Peace Conference. (With Separate 
map, Pl. I, facing p. 8). Geogr. Rev., Vol. 7, 1919, pp. 1-10. 

Review of Hektor Ammann. Die Italiener in der Schweiz: Ein Beitrag sur Fremdenfrage. 
Ernst Finckh (Basel) 1917. Geogr. Rev., Vol. 10, 1920, p. 351. 

Special Studies of Natural Units. Second Example: Types of “Islands” of the High Mountains: 
The Central Andes. The Regional Diagram, Irrigation, Nomadism. Chapter VII: Jean 
Brunhes: Human Geography. New York-Chicago, 1920, pp. 453-498. 

Coal and Iron in the Political and Economic Geography of Northeastern France and Western 
Germany. Geogr. Rev., Vol. 11, 1921, pp. 299-301. 

Coastal Belt of Peru. Geogr. Rev., Vol. 11, 1921, pp. 297-98. 

Decline of Europe. Geogr. Rev., Vol. 11, 1921, pp. 302-03. 

Review of M. I. Newbigin: Aftermath; A Geographical Study of the Peace Terms. W. & A. 
K. Johnston (Edinburgh) 1920. Geogr. Rev., Vol. 11, 1921, pp. 452-453. 

Review of Julius Klein: The Mesta: A Study in Spanish Economic History, 1273-1836. Harvard 
Economic Studies, Vol. 21. Harvard University Press (Cambridge, Mass.) 1920. Geogr. 
Rev., Vol. 11, 1921, pp. 453-54. 

Review of E. A. Martel: Nouveau traite des Eaux Souterraines. Librairie Octave Doin, 
(Paris), 1921. Geogr. Rev., Vol. 11, 1921, pp. 630-632. 

A Note on the Political Map of Turkey. Foreign Affairs, Vol. 1, No. 2, 1922, pp. 158-161. 

Introduction to Alan G. Ogilvie Geography of the Central Andes. Amer. Geogr. Soc. of New 
York (New York) 1922, pp. ix—xi. 

Effect on Modern Policy of Political Situation in Near East. Lecture delivered to the Class 
of 1923, Naval War College, Newport, R. I., 18 August 1922. Stenciled and printed at the 
Naval War College, Newport, R. I., 2 October, 1922. 17 pp. mimeographed. 

Review of Vilhjalmur Stefansson: The Friendly Arctic: The Story of Five Years in Polar 
Regions. MacMillan Co. (New York) 1921. Geogr. Rev., Vol. 12, 1922, pp. 314-316. 

Boundaries of the Spanish Sahara and the Ifni Enclave. Geogr. Rev., Vol. 12, 1922, pp. 651-652. 

Famine Belt of Russia. Geogr. Rev., Vol. 12, 1922, p. 489. 

Modifications in the Western Boundary of Hungary. Geogr. Rev., Vol. 12, 1922, pp. 650-651. 

Overpopulation in Relation to Agriculture and Famine in Eastern Europe. Geogr. Rev., Vol. 
12, 1922, pp. 489-491. 

Political Geography of Italian North Africa. Geogr. Rev., Vol. 12, 1922, pp. 134-137. 

Recent Movements of Population. Geogr. Rev., Vol. 12, 1922, pp. 307-309. 

Spanish Emigration. Geogr. Rev., Vol. 12, 1922, pp. 309-310. 

Italian-Yugo-Slav Boundary and the Free State of Fiume. Geogr. Rev., Vol. 11, 1921, pp. 
142-143. 

Steppe and Forest in the Settlement of Southern Russia. Geogr. Rev., Vol. 12, 1922, pp. 491-492. 
An American Boundary Dispute. Decision of the Supreme Court of the United State with Re- 
spect to the Texas-Oklahoma Boundary. Geogr. Rev., Vol. 13, 1923, pp. 161-189. 
Boundaries of Turkey According to the Treaty of Lausanne. Geogr. Rev., Vol. 13, 1923, pp. 

627-629. 
Geographical Elements in the Turkish Situation: A Note on the Political Map. Geogr. Rev., 
Vol. 13, 1923, pp. 122-129. 


New Map of Brazil on the Millionth Scale. Geogr. Rev., Vol. 13, 1923, pp. 465-467. 
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New Relief Maps by the U. S. Geological Survey. Geogr. Rev., Vol. 13, 1923, p. 304. 
Routes to Desert Watering Places in the Southwest. Geogr. Rev., Vol. 13, 1923, pp. 303-304. 
The Mohammedan World. Geogr. Rev., Vol. 14, 1924, pp. 62-74. 

Progress in Red River Boundary Survey. Geogr. Rev., Vol. 14, 1924, p. 139. 

Review of Alexander Supan. Leitlinien der allgemeinen politischen Geographie: Naturlehre 
des Staates. 2nd ed. Walter de Gruyter & Co. (Berlin and Leipzig) 1922. Geogr. Rev., 
Vol. 14, 1924, pp. 665-666. 

Texan Study in Range Economics. Geogr. Rev., Vol. 14, 1924, p. 639. 

The Situation of the United States. Chap. 35. Supplement to The New World: Problems in 

Political Geography. World Book Co. (Yonkers-on-Hudson, New York, Chicago, Illinois) 


1924. 
A Note on Tangier and the Spanish Zones in Africa. Foreign Affairs, Vol. 2, 1924, pp. 500-503. 


BOOKS 

South America; a geography reader. 354 pp. Rand McNally & Co. (Chicago, New York) 1915. 

The Andes of Southern Peru: Geographical Reconnaissance along the Seventy-Third Meridian. 
336 pp. Published for the American Geographical Society of New York by Henry Holt & 
Co. (New York), 1916. 

Types of “islands” of the High Mountains: the Central Andes. The regional diagram, irriga- 
tion, nomadism. (Brunhes, Jean. Human Geography; an Attempt at a Positive Classifica- 
tion, principles and examples. Tr. by T. C. Le Compte. Ed. by Isaiah Bowman and 
Richard Elwood Dodge. p. 453-498. Rand McNally (Chicago) 1920.) 

The Andes of Southern Peru: Geographical Reconnaissance along the Seventy-Third Meridian. 
Published for the American Geographical Society of New York by Constable & Company 
Itd. (London), 1920. 

The New World: problems in political geography. 632 p. Ill. with 215 maps and with 65 
engravings from photographs. World Book Company (Yonkers-on-Hudson, New York), 
1921. 

The New World Supplement. 98 p. World Book Company (Yonkers-on-Hudson, New York), 
1923. 

The New World Supplement. 112 p. World Book Company (Yonkers-on-Hudson, New 
York), 1924. 

Desert Trails of Atacama. 362 pp. Amer. Geogr. Soc. Special Publ. No. 5, 1924. 


1925-1935 


JOURNAL ARTICLES AND ADDRESSES 

Commercial Geography as a Science. Reflections on some recent books. Geogr. Rev., Vol. 
15, 1925, pp. 285-294. 

Food Supply of New England. Geogr. Rev., Vol. 15, 1925, p. 478. 

Land Waste in Michigan. Geogr. Rev., Vol. 15, 1925, pp. 478-479. 

Review of Mark Jefferson: Man in Europe: Here and There. (Ypsilanti, Michigan) 1924. 
Geogr. Rev., Vol. 15, 1925, p. 155. 

Review of J. Russell Smith: North America: Its People and the Resources, Development, and 
Prospects of the Continent as an Agricultural, Industrial, and Commercial Area. Harcourt, 
Brace & Co. (New York) 1925. Geogr. Rev., Vol. 15, 1925, pp. 328-329. 

Review of E. T. Jollie: The Real Rhodesia. Hutchinson & Co. (London) 1924. Geogr. Rev. 
Vol. 15, 1925, pp. 161-162. 

Review of Emmanuel de Martonne: Traité de géographie physique. 4th ed. Vol. 1; Notions 
générales, climat, hydrographie. Librairie Armond Colin (Paris) 1925. Geogr, Rev. 

Vol. 15, 1925, pp. 336-337. 
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Settlement on the Border with Government Aid. Geogr. Rev., Vol. 15, 1925, pp. 494-495, 

Monographies synthétiques de géographie humaine. Second exemple: “Iles humaines” de la 
haute montagne dans les Andes Centrales (Pérou, Bolivie, Argentine et Chili). Hauts 
paturages et transhumance, oasis de culture et irrigation. Chapitre VII. Jean Brunhes: 
La Géographie Humaine, 3rd ed. (Paris) 1925. pp. 619-659. 

Memorandum on Pioneer Belts. (Extracted from stenographic record of extemporaneous 
statement.) National Research Council, April, 1925, 4 pp. 

The Field of Geography. Columbia University Announcement of courses in Geography, Sept. 
19, 1925. 

Review of Robert Cushman Murphy: The Bird Islands of Peru. Putnam (New York). Pub- 
lisher’s Weekly, January, 1925. 

The Analysis of Land Forms: Walther Penck on the Topographic Cycle. Geogr. Rev., Vol. 
16, 1926, pp. 122-132. 

Argentine Geographical Studies. Geogr. Rev., Vol. 16, 1926, pp. 656-658. 

Geography and Boundaries at Mosul. Geogr. Rev., Vol. 16, 1926, pp. 143-144. 

Polar Flights of Byrd and Amundsen. Geogr. Rev., Vol. 16, 1926, pp. 662-664. 

Review of Emmanuel de Martonne: Traité de géographie physique. 4th edit. Vol. 2. Le 
relief du sol. Librairie Armand Colin (Paris) 1926. Geogr. Rev., Vol. 16, 1926, pp. 686- 
687. 

Review of The Transactions of the First World Power Conference, London, June 30th to July 
12th, 1924. Vol. I, Power Resources of the World Available and Utilised; Vol. 2, Water 
Power Production, Preparation of Fuels, Steam Power Production; Vol. 3, Internal Com- 
bustion Engines, Gas and Fuel Section, Power from Other Sources, Power Transmission 
and Distribution, Standardisation and Research; Illumination; Vol. 4, Power in Industry 
and Domestic Use, Power in Electro-Chemistry and Electro-Metallurgy, Power for 
Transport, Economic Aspects of Power Resources, Education, Health, Publicity; Vol. 5, 
Index, compiled and edited by W. R. Douglas Shaw. Percy Lund, Humphries & Co., Ltd. 
(London) 1924. Geogr. Rev., Vol. 16, 1926, pp. 504-505. 

Scientific Study of Settlement. Geogr. Rev., Vol. 16, 1926, pp. 647-653. 

_The Concentration of Population and the Distribution of Raw Materials. Proc. of the Acad. of 
Pol. Sci., Vol. 12, 1926, pp. 145-152. 

Concentracién de poblacién y la distribucién de materias primas. No. 26 de la serie de impresos 
sobre finanzas, industria y comercio. Boletin de la Union Panamericana, March, 1927, pp. 
240-246. 

The Boundaries of the Nejd. A Note on Special Conditions. Geogr. Rev., Vol. 17, 1927, pp. 
128-134. 

The Pioneer Fringe. Foreign Affairs, Vol. 6, 1927, pp. 49-66. 

Abstract of A. D. Lindsey: Review of “The Modern State” by R. M. Maclver. Economic 
Journal, March 1927, pp. 126-129. 

Review of Knud Rasmussen: Across Arctic America. G. P. Putnam’s Sons (New York) 1927. 
Saturday Rev. of Lit., April 23, 1927. 

The International Geographical Congress. Geogr. Rev., Vol. 18, 1928, pp. 661-667. 

Proceedings of the Royal Scottish Geographical Society. (Minutes of the Meeting of the 
Society recording the presentation of the Livingstone Gold Medal to Isaiah Bowman, July 
12, 1928.) Scottish Geographical Magazine, Vol. 44, 1928, pp. 292-297. 

Dr. Bowman’s Report on the London Conference (Conference of the Institutions for the 
Scientific Study of International Affairs, London, March 11-14, 1929.) Confidential 
Memorandum for Members, Council on Foreign Relations, Inc. (New York) May 2/, 
1929. 3 pp. 

Geography, Modern Style. The Outlook, July 17, 1929, p. 461. 

Modern Pioneering. The Outlook, July 31, 1929, p. 541. 
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What’s the Use of Explorers? The Outlook, Aug. 21, 1929, p. 659. 

Geography in Relation to the Social Sciences. Address delivered at meeting of Asso. of His- 
tory Teachers of Middle States and Maryland, Nov., 1929, Atlantic City, N. J. Capital 
City Press (Montpelier, Vermont) 1929, 15 pp. 

The Scientist. In brochure Vilhjalmur Stefansson. The Macmillan Co. (New York) 1929, p. 7. 

“Byrd Flight Covers 35,000 Square Miles Open to U. S. Claim. Dr. Bowman Estimates Ex- 
tent of Latest Aerial Exploration Outside British Domain.” With Map, “Scope of Com- 
mander Byrd’s Latest Exploration.” The New York Times, Dec. 8, 1929. 

The World and Its Peoples. Introduction to Lands and Peoples. Grolier Society (New York) 


1930, 4 pp. 
The Political Geography of the Mohammedan World. The Moslem World, Vol. 20, 1930, pp. 


1-4, Map. 
Memorial “ Hollister Robinson. Bull. Geol. Soc. Amer., Vol. 41, 1930, pp. 25-27. 
Antarctica. Proc. Amer. Philosophical Soc., Vol. 69, 1930, pp. 19-43. 

Antarctica. The Scientific Monthly, Vol. 30, 1930, pp. 341-351. 

International Relations. Reading with a Purpose, No. 60. American Library Asso. (Chicago), 
1930. 52 pp. 

Introduction to: W. L. G. Joerg: The Work of the Byrd Antarctic Expedition 1928-1930. 
Amer. Geogr. Soc. (New York) 1930, pp. 1-3. 

Polar Exploration. Science, Vol. 72, 1930, pp. 439-449. 

The Work of Wilkins. (Editorial). The New York Times, March 23, 1930. 

Introduction to Directory of American Agencies. Council on Foreign Relations (New York) 
1931, pp. iii-v. 

Jordan Country. Geogr. Rev., Vol. 21, 1931, pp. 22-55. 

Inaugural Address. (Comptes Rendus du Congrés International de Géographie Paris 1931. 
Tome Premier. Actes du Congrés. Séance inaugurale. Discours du Dr. I. Bowman, 
Délégué du Governement des Etats-Unis.) Union Géographique Internationale. Librairie 
Armand Colin (Paris) 1931. 3 pp. 

Pioneer Settlement. (Comptes Rendus du Congrés International de Géographie Paris 1931. 
Tome III, Travaux de la section IV.) Union Géographique Internationale. Librairie 
Armand Colin (Paris) 1931, 2 pp. 

The Pioneering Process. Science, Vol. 75, 1932, pp. 521-528. 

Planning in Pioneer Settlement. Annals of the Asso. of Amer. Geographers, Vol. 22, 1932, 
pp. 93-107. 

Review of Sven Hedin: Jehol: City of Emperors (Trans. by E. Gee Nash) ; and Sven Hedin: 
Across the Gobi Desert (Trans. by H. J. Cant). E. P. Dutton & Co. The Yale Review, 
Spring No. 1933, pp. 624-626. 

Correlation of Sedimentary and Climatic Records. Proc. Nat. Acad. Sci., Vol. 19, 1933, pp. 
376-386. 

Geography and the Farm Problem. Science News Letter, March 25, 1933, pp. 182-183. 

Applied Geography. Science Service Radio Talks, Presented over the Columbia Broadcasting 
System. The Scientific Monthly, Vol. 38, 1934, pp. 173-176. 

John Greenough. (1846-1934). Geogr. Rev., Vol. 24, 1934, pp. 351-352. 

William Morris Davis. Geogr. Rev., Vol. 24, 1934, pp. 177-181. 

Regional Concepts and Their Application. Contribution to Romer Memorial Volume. 1934. 
(Zbiér Prac. Péswiecony Przez. Towarzystwo Geograficzne We Lwowie. Eugenjuszowi 
Romerowi. W 40-Lecie Jego Twérczdsci Naukowej. Lwow, 1934.) pp. 25-46. Mate- 
rial taken from Chaps. III and V of Geography in Relation to the Social Sciences, Charles 
Scribner’s Sons (New York) 1934. 

—_ Address by Isaiah Bowman, President. International Geographical Congress, Warsaw, 

34, 8 pp. 
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Address by the Chairman of the National Research Council. Annual meeting of The American 
Shore and Beach Preservation Association, Washington, D. C., Dec. 11, 1933. Shore and 
Beach, Vol. 2, 1934, pp. 3-4. 


BOOKS 


The New World; Problems in Political Geography. 4th ed. 257 maps. 
Co. (Yonkers-on-Hudson, N. Y., Chicago, Ill.) 1928. 

Le Monde Nouveau; Tableau Général de Géographie Politique Universelle Adapté de I’ Anglais 
et mis au Courant des Derniers Evénements Internationaux par Jean Brunhes. Avec la 
collaboration d’Annette et Henri Colin-Delavaud et de Mariel Jean-Brunhes (Mme. Ray- 
mond Delamarre). Cent quatre-vingt-trois cartes et graphique, Payot (Paris) 1928. 623 p. 

The New World. (Tr. into Chinese). 612 p. Commercial Press (Shanghai). Ist ed. 1927, 
2nd ed. 1928. Title and text in Chinese. 

International Relations. 52 p. American Library Association (Chicago) 1930. 

The Pioneer Fringe. 361 p. American Geogr. Soc. Special Publ. No. 13, 1931. 

Geography in Relation to the Social Sciences, with Geography in the Schools of Europe by 
Rose B. Clark. 227 p. Charles Scribner’s Sons (New York, Chicago) 1934. (On 
cover: Report of the Commission on the Social Studies, American Historical Association. 

Pt. V.) 


803 p. World Book 


1935-1941 


JOURNAL ARTICLES AND ADDRESSES 

Address of the President of the International Geographical Congress. (Opening address be- 
fore the International Geographical Congress, Warsaw, 1934.) Science N. S., Vol. 81, 
1935, pp. 389-391. 

Our Expanding and Contracting “Desert.” Geogr. Rev., Vol. 25, 1935, pp. 43-61. 

The Land of Your Possession. Science, Vol. 82, 1935, pp. 285-293. 

Summary Statement of the Work of the National Research Council—1934-1935. Science, Vol. 
82, 1935, pp. 337-342. 

A New Chapter in Pan-American Cartography. (Revision of an address before the Assembly 
of the Pan-American Institute of Geography and History, Washington, D. C., Sept., 1935.) 
Gautier: Festschrift. Mélanges de géographie et d’orientalisme offerts a E. F. Gautier. 
1937, pp. 88-95. 

The Fourteenth International Geographical Congress, Warsaw, 1934. Geogr. Rev., Vol. 25, 
1935, pp. 142-148. 

Next Steps in American Universities. Proc. Const. and By-Laws, Addresses. Southern Uni- 
versity Conference, 1935, pp. 23-36. 

A Design for Scholarship. School and Society, Vol. 43, 1936, pp. 377-386. 

Influence of Vegetation on Land-Water Relationships. Chap. IV. Headwaters Control and 
Use. Upstream Engineering Conference, Washington, D. C., 1936, pp. 76-96. 

Review of: The Western Range. 74th Congr., 2nd Sess., Senate Doc. No. 199, 1936. Geogr. 
Rev., Vol. 26, 1936, pp. 691-692. 

Trends in Modern Education. Southern Association Quarterly, May, 1937, pp. 1-9. (An 
address delivered before the Southern Association of Colleges and Secondary Schools, 
Richmond, Virginia, Dec. 3, 1936.) 

Population Outlets in Overseas Territories. In Geographic Aspects of International Relations, 
Charles C. Colby, Editor. (The Harris Foundation Lectures on International Relations) 
1937. 41 pp. 

Why We Believe. Founder’s Day Address Delivered April 13 (1937). University of Virginia 

Alumni News, April, 1937, pp. 154-56, 177-178, 180. 
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Geographical Factors. Proc. of the Conference on Canadian-American Affairs, Queens Uni- 
versity, 1937. Canadian-American Affairs, 1937, pp. 57-60, 69-70. 

The Future of University Research in Relation to Financial Support. J. of Proc. and Add. of 
the Ass. of Amer. Univ., 39th Annual Conference, Brown University, Nov. 1937, pp. 78-81. 

Financial Outlook for Institutions of Higher Education. Southern University Conference. 
Nov. 2, 1937, pp. 66-69. 

What Do You Do? The Barnwell Bulletin, Dec., 1937, pp. 19-33. 

Geography in the Creative Experiment. Geogr. Rev., Vol. 28, 1938, pp. 1-19. 

Inquiry vs. Advocacy. (Vanderbilt University Inauguration and Symposium, Feb. 5, 1938.) 
Inaugural Proceedings, 1938, pp. 20-32. 

Comptes Rendus du Congrés International de Géographie, Amsterdam, 1938. Discours du 
Prof. Dr. I. Bowman. Séance Inaugural, Tome Premier, Actes du Congres. E. J. Brill 
(Leiden) 1938, pp. 12-14. 

Report of the President 1937-1938. The Johns Hopkins University (Baltimore, Maryland) 
Nov., 1938, 11 pp. 

Address of Dr. Isaiah Bowman, President, Johns Hopkins University, before the Congress of 
American Industry and the Annual Convention of the National Association of Manufac- 
turers, Dec. 8, 1938. 7 pp. typed. 

Report of the Committee on the Structure of the Maryland State Government. Baltimore, 
Maryland, Dec. 31, 1938, 31 pp. 

The Pursuit of Happiness. Commencement Address, The Johns Hopkins University, June 6, 
1939, 7 pp. 

Science and Social Pioneering. Science, Vol. 90, 1939, pp. 309-319. 

Science and Social Effects: Three Failures. The Scientific Monthly, Vol. 50, 1940, pp. 289-298. 

Remembering the Beauty. (Sidney Lanier, Feb. 3, 1842—Sept. 7, 1881.) Address given at 
a meeting held in the Concert Hall of the Peabody Institute (Baltimore, Maryland) on 
February 3, 1940, arranged by the Institute and The Johns Hopkins University in Com- 
memoration of the Association of Lanier with both Institutions, 1873-1881. pp. 10-23. 

Enduring Purpose. Dedicatory Address. Washington College Bulletin (Dedication Number), 
Vol. 18, No. 2, 1940, pp. 10-16. 

What Do You Know? Commencement Address, The John Hopkins University, June 4, 1940, 
pp. 1-16. 

John Huston Finley, to Whom Tribute Is Due. The Alumni Magazine (The Johns Hopkins 
University), June, 1940, pp. 118-119: 

John Huston Finley, 1863-1940. Geogr. Rev., Vol. 30, 1940, pp. 355-357. 

A Sense of Reality. Address. Proc. Southern University Conference, 1940, pp. 55-70. 

Madame Sigrid Undset. Baltimore, October 25 (1940). America, Nov. 9, 1940, pp. 119-120. 

Foreword. In—S. Whittemore Boggs: International Boundaries: A Study of Boundary Fune- 
tions and Problems. Columbia Univ. Press (New York) 1940, pp. v-vii. 

A Preface to a Community Fine Arts Program. For Mayor’s Art Committee, 1940. 4 pp. 

mimeographed. 


BOOKS 


A Design for Scholarship. 185 pp. The Johns Hopkins Press (Baltimore), 1936. 
Limits of Land Settlement; a report on present-day possibiliites, prepared under the direction 
of Isaiah Bowman. 380 pp. Council on Foreign Relations (New York) 1937. 

Los Andes del sur del Péru; reconocimiento geografico a le largo del meridiano setenta y tres. 
Carlos Nicholson, traductor. 267 pp. Editorial La Colmena (Arequipa, Peru), 1938. 
The Graduate School in American Democracy. 70 pp. U. S. Office of Education Bulletin 
No. 10, U. S. Govt. Print. Off. (Washington) 1939, 
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1941-1950 


JOURNAL ARTICLES AND ADDRESSES 

Our Better Ordering and Preservation. Science, Vol. 93, N. S., 1941, pp. 191-197. (Dedica- 
tion address, Natural Resources Building, Urbana, IIl., Nov. 15, 1940.) 

Will Our Camps Build Citizen-Soldiers? Broadcast from Town Hall, New York City, Jan, 2, 
1941. Town Meeting of the Air with Clarence A. Dykstra, Colonel William H. Draper, 
Jr. and Isaiah Bowman. Town Meeting, Vol. 6, No. 8, 1941, pp. 1-30. 

Basic Issues in National Defense from the Standpoint of Higher Education. Organizing Higher 
Education for National Defense. American Council on Education Studies (Washington) 
1941. 4 pp. 

Peace and Power Politics 1941. Address at Atlantic City Meeting of the American Associa- 
tion of School Administrators, Feb. 24, 1941. Baltimore Bull. of Eduéation. Vol. 18, No. 
4, 1941, pp. 171-180. 

Peace and Power Politics, 1941. The Nation’s Schools, March 1941, pp. 49-50. 

Foreword in: Richard Upjohn Light: Focus on Africa. Amer. Geogr. Soc. (New York) 1941, 
pp. xiii—xv. 

The Associated Harvard Clubs, 44th Annual Meeting, May 16-18, 1941 at Baltimore. Isaiah 
Bowman, Toastmaster. Proceedings and Reports. Bowman, pp. 59-60, 66-67, 70-71, 73. 

The Future of Education and Military Defense. In Education and Military Defense. The 
Educational Record, Vol. 22, 1941, pp. 428-435. ‘ 

Knowledge is Not Enough. An address delivered at the twenty-sixth commencement convoca- 
tion of the Rice Institute, June 9, 1941. The Rice Institute Pamphlet, Vol. 28, 1941, pp. 
134-152. 

El mapa al millonésimo de Hispano América. Una Empresa Cooperativa Inter Americana. 
Revista Universitaria, Cuzco, Peru, Afio xxx, 1941, pp. 187-204. 

La Cultura en America (Notas sobre la difusion de la cultura). Revista Universitaria, Cuzco, 
Pert, Afio xxx, 1941, pp. 147-157. 

La Cultura de America. Conferencia leida por el Profesor Dr. Isaiah Bowman. Discurso de 
presentacién pronunciado por el Catedratico Titular de Geografia Humana General y del 
Pert, Dr. Ricardo Bustamante Cisneros. Letras (Organo de la Facultad de Letras y 
Pedagogia, Universidad Nacional Mayor de San Marcos, Peru), Segundo Cuatrimestre de 
1941, pp. 275-284. 

Tribute to Daniel Willard. Baltimore, Vol. 25, No. 3, 1941, pp. 15-17. 

Dr. Bowman’s Tribute to Mr. Willard. Baltimore and Ohio Magazine, Jan. 1942, pp. 11-13. 

The Outlook for Education. Science, Vol. 95, 1942, pp. 126-127. 

Higher Education Faces the Future. In Higher Education and the War. The Report of a 
National Conference of College and University Presidents, Baltimore, 1942. Series I— 
Committees of the Council—No. 16, Vol. 6, Washington, D. C., 1942, pp. 145-151. 

El mapa al millonésimo de Hispano América. Una Empresa Cooperativa Inter Americano. 
Boletin del Centro Geografico del Cuzco (Pert) Afto 1, 1942, pp. 15-32. 

Choose, Therefore. Address at the Convocation of the School of Nursing, Johns Hopkins 
Hospital. The Johns Hopkins Nurses Alumnae Magazine, Vol. 41, No. 2, 1942, pp. 54-58. 

Higher Education Faces the Future. Address delivered at the National University and Col- 
lege Conference, Baltimore, Md., Jan. 3, 1942. Ass. of Amer. Colleges Bull., Vol. 28, 1942, 
pp. 44-50. 

Geography vs. Geopolitics. Geogr. Rev., Vol. 32, 1942, pp. 646-658. 

Political Geography of Power. Review of: Nicholas J. Spykman: America’s Strategy im 

World Politics: The United States and the Balance of Power. Harcourt, Brace and Com- 

pany (New York) 1942. Geogr. Rev., Vol. 32, 1942, pp. 349-352. 
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Power and Peace: Excerpts from an article written for the Geographical Review by the presi- 
dent of Johns Hopkins University on Nicholas J. Spykman’s book, America’s Strategy in 
World Politics. The Sun, Baltimore, April 3, 1942. - 

What is an American? Commencement Address, University of Cincinnati, June 5, 1942. 

What Is An American? The Circle, The News Magazine of Omicron Delta Kappa. (From 
the Commencement Address delivered at the University of Cincinnati, June 5, 1942.) Vol. 
21, No. 4, 1942. 

The Ecuador-Peru Boundary Dispute. Foreign Affairs, Vol. 20, 1942, pp. 757-761. 

Four Indispensable Qualities. The Tribute of Dr. Isaiah Bowman, President of the Johns 
Hopkins University. In The Daniel Willard Memorial Issue, Baltimore and Ohio Maga- 
zine, August, 1942. 

Report of the President 1941-1942. The Johns Hopkins University, Baltimore, Maryland, 
November, 1942, 1-12 pp. 

Albert Lloyd Barrows 1883-1942. Obituary. Science, N. S., Vol. 97, 1943, pp. 346-347. 

Science and Our Future. Speakers: Waldemar Kaempffert, Isaiah Bowman, David Sarnoff. 
Program No. 2, June 12, 1943. For This We Fight. A series of twenty-six broadcasts 
produced by the National Broadcasting Company’s Inter-American University of the Air. 
Published by Commission to Study the Organization of Peace, New York. 11 pp. 

Science Shapes the Future. A.A.A.S. Bulletin, Vol. 2, 1943, pp. 50-51. 

Science Shapes the Future. Address delivered June 12, 1943 over the NBC network. Cran- 
brook Institute of Science News Letter, Vol. 13, No. 2, 1943, pp. 1-3. 

Address by Dr. Isaiah Bowman. Proc. of the Consultation on Geodesy, Aeronautical Charts 
and Topographic Maps. Sponsored by the American Geographical Society of New York, 
Sept. 29-Oct. 14, 1943, Washington, D. C., pp. 42-45. 

Report of the President 1942-1943. The Johns Hopkins University, Baltimore, Maryland, 
December, 1943. 25 pp. 

A Department of Geography. (From the annual report of Dr. Isaiah Bowman, president of 
The Johns Hopkins University.) Science, Vol. 98, 1943, pp. 564-566. 

Social Objectives and the College Curriculum. Ass. of Amer. Colleges Bull., Vol. 30, 1944, pp. 
216-230. 

On Becoming a Freeman. First Outdoor Commencement of The Johns Hopkins University, 
July 3, 1944. 6 pp. typed. 

Commanding Our Wealth. Science, Vol. 100, 1944, pp. 229-241. 

The Presidential Address. (Notes on the address of the retiring president of A.A.A.S.) 
Science, Vol. 100, 1944, pp. 366-367. 

Peace—The Business of Every Citizen. Think. (International Business Machines Corp. 
New York) October, 1944. 

Peace a Condition of Living. Blueprints of the Future. The National Tool Company, Cleve- 
land, Ohio. Vol. 2, No. 7, 1944. 

Report of the President 1943-1944. The Johns Hopkins University, Baltimore, Maryland, 
November, 1944. 15 pp. 

The Faith We Celebrate. Address on the occasion of the Fiftieth Anniversary Convocation of 
Teachers College, Columbia University, 1894-1944. Teachers College Record, Vol. 46, 
1944, pp. 151-156. 

The Dumbarton Oaks Proposals. The Johns Hopkins Alumni Magasine, Vol. 33, 1945, pp. 
3743. 

The Dumbarton Oaks Proposals. Ass. of Amer. Colleges Bull., Vol. 31, 1945, pp. 32-43. 

Land Settlement and Resource Development. Portion of the address of the retiring president 
of the American Association for the Advancement of Science, entitled “Commanding Our 

Wealth,” delivered at Ohio on Sept. 11, and pub. in full in Science of Sept. 15, 1944. Nature, 

Vol. 155, No. 3923, 1945, pp. 5-10. 
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A Message from Dr. Isaiah Bowman, President, The Johns Hopkins Univ., Baltimore, Mg, 
Applied Physics Lab., The Johns Hopkins Univ., Silver Springs, Md. APL-JHU-S, 
April, 1945. 

Foreword to book of Professor Chi-yun Chang, in the May 16, 1945 issue of Ta Kung Pao, 
Chungking. (True Chinese Rendering.) In Chinese. 

Freedom in Service. Commencement Address, Leland Stanford University, June 17, 1945, 
7 pp. typed. 

Franklin Delano Roosevelt 1882-1945. Geogr. Rev., Vol. 35, 1945, pp. 349-351. 

The New Geography. Broadcast July 15, 1945. Serving Through Science. A series of talks 
delivered by American scientists, on the New York Philharmonic-Symphony Program, 
sponsored by United States Rubber Company. 3 pp. 

The New Geography. Journ. of Geog., Vol. 44, 1945, pp. 213-216. 

Testimony of Isaiah Bowman, president, Johns Hopkins University. Hearings on Science 
Legislation. (S. 1297 and Related Bills). Hearings before a Subcommittee of the Com- 
mittee on Military Affairs, United States Senate, Seventy-Ninth Congress, First Session, 
Pursuant to S. Res. 107 (78th Congress) and S. Res. 146 (79th Congress), Authorizing a 
study of the possibilities of better mobilizing the national resources of the United States, 
Part 1, Oct. 8, 9, 10, 11, and 12, 1945. U.S. Govt. Printing Office (Washington) pp. 10-24, 

Bowman’s Talk to Senators. New York Herald-Tribune, Tuesday, Oct. 9, 1945. 

Report of the President 1944-1945. The Johns Hopkins, University, Baltimore, Maryland, 
November, 1945. 10 pp. 

Pending Legislation for Federal Aid to Science. (Report of the “Committee Supporting the 
Bush Report,” Isaiah Bowman, Chairman.) Science, Vol. 102, 1945, pp. 545-548. 

The Strategy of Territorial Decisions. Foreign Affairs, Vol. 24, 1946, pp. 177-194. 

Two Worlds—Or One? Commemoration Day Address, February 22, 1946. The Johns Hop- 
kins University, Baltimore, Maryland. 20 pp. 

The Millionth Map of Hispanic America. Science, Vol. 103, 1946, pp. 319-323. 

Citizen-Scientists. An address made by Dr. Bowman in acceptance of Naval Ordnance De- 
velopment Award to Applied Physics Laboratory of Johns Hopkins University, Silver 
Spring, Maryland, May 3, 1946. 7 pp. 

Statement of Dr. Isaiah Bowman. National Science Foundation Act. Hearings before a 
Subcommittee of the Committee on Interstate and Foreign Commerce, House of Repre- 
sentatives, Seventy-Ninth Congress, Second Session on H. R. 6448. U. S. Govt. Printing 
Office, Washington, 1946, p. 6-15. . 

The Johns Hopkins Program: An Interpretation. History and Interpretation of the Full-time 
Principle. Johns Hopkins University, Baltimore, Maryland, 14 pp. 

The Social Composition of Scientific Power. In Science and Life in the World, Vol. I, 
Science and Civilization, Whittlesey House, McGraw-Hill Book Company, Inc. (New 
York, London) 1946, pp. 25-44. 

Your Debt to the Hopkins. Editorial. The Evening Sun, Baltimore, Maryland, June 11, 1946. 

Dr. Bowman’s remarks at the First Remsen Memorial Lecture, sponsored by the Maryland 
Section, American Chemical Society, Friday, May 24, 1946, preceding the address of Dr. 
Roger Adams. Chemical and Engineering News, June 25, 1946, pp. 1642. 

The Social Composition of Scientific Power. Metal Progress, June 1946, pp. 1210-1211. 

An Unbridged Chasm to Cross. American Affairs, July 1946, pp. 151-158. (Revision of 
“Science in the Framework of International Affairs” delivered before the National Academy 
of Sciences, Washington, D. C., April 22, 1946.) 

Your Debt to the Hopkins. Hospital Management, Vol. 62, No. 2, August 1946, pp. 4, 18. 

The Social Contract of an Educated Man. Address delivered to Entering Students, The Johns 
Hopkins University, Baltimore, Maryland, September 20, 1946. pp. 11. 


: 
Rei 
4 
“voy 
= ‘ 
fi 
il 
a 
a 
14 


1950 IsAIAH BOWMAN 349 


The Social Contract of an Educated Man. (Excerpts) Time, October 21, 1946, Vol. 48, No. 
17, pp. 94-95. 

The Social Contract of an Educated Man. Ass. of Amer. Colleges Bull., Vol. 32, 1946, pp. 

505. 

eR ste Geography on National Power. Address presented at The National War College, 
September 30, 1946. 17 pp. typed. 

Address at the Unveiling of a Statue of Sidney Lanier at the Hall of Fame, New York City, 
October 3, 1946. 6 pp. typed. 

Gilman and His Doctrine. Review of: Abraham Flexner: Daniel Coit Gilman: Creator of 
the American Type of University. Harcourt, Brace and Co. (New York). The Evening 
Sun, Baltimore. November 5, 1946. 

Is an International Society Possible? American Affairs Pamphlets, Jan., 1947. (A paper 
read at the Princeton Bicentennial Celebration, Princeton University, in October, 1946.) 
15 pp. 

Contributions of Chemistry and Physics to Medicine. The Journal-Lancet, Vol. 67, 1947, pp. 
71-73. (Address delivered at the Midyear Meeting of the American Pharmaceutical Manu- 
facturers Association in connection with a presentation of a scientific award to the Mayo 
Foundation, at the Waldorf-Astoria Hotel, New York City, December 9, 1946.) 

Discovering South America. New York Herald-Tribune, March 10, 1947. (Address at the 
New York Herald Tribune Forum for High Schools, March 8, 1947.) 

Discovering Your Place In This Complex World. Address delivered to Entering Students, 
The Johns Hopkins University, Baltimore, Maryland, Sept. 22, 1947. 13 pp. 

Address Broadcast to Hub (a Baltimore department store) Co-Workers and the Public at the 
Lyric, Oct. 21, 1947. The Sun, Baltimore, Oct. 26, 1947, p. 23. 

Report of the President 1946-1947. The Johns Hopkins University, Baltimore, Maryland. 
November, 1947. 29 pp. 

A Message From President Bowman: To All Johns Hopkins Alumni. First Annual Report 
1947, The Annual Alumni Fund. Johns Hopkins University, Baltimore, Md. pp. 2-3. 
Universal Military Training. Hearings before the Committee on Armed Services, United 
States Senate, Eightieth Congress, Second Session, March 17, 18, 22, 23, 25, 29, 30, 31, 

April 1, 2, 3, 1948. Statement of Dr. Isaiah Bowman, pp. 268-278. 

Remarks at a Conference of all Section T Associates, Applied Physics Laboratory, Silver 
Spring, Maryland, April 1-2, 1948. The News, Applied Physics Laboratory, Vol. 3, No. 
4, 1948, pp. 1-2. 

Foreword. Carlos Monge: Acclimatization in the Andes. The Johns Hopkins Press (Balti- 
more) 1948, pp. vii-x. 

How Far Can United States Resources Go? Isaiah Bowman on the way geography affects 
American commitments. The Listener (pub. by the British Broadcasting Corporation) 
July 8, 1948, pp. 42-43. (Shortened version of a lecture delivered by Dr. Bowman to 
the Royal Geographical Society, London, June 21, 1948, entitled, “The Geographical Situa- 
tion of the United States in Relation to World Policies.”) 

Determination of University Policy. Ass. of Amer. Colleges Bull., Vol. 34, 1948, pp. 221-225. 
The Invisible Walls of Our City. Hood College Address at the Inauguration of President 
Truxal, October 21, 1948. Hood College Bulletin, Series 24, No. 144, 1948, pp. 6-10. 
Report of the President 1947-1948. The Johns Hopkins University, Baltimore, Maryland, 

1948. pp. 25. 

A Response. Text of Dr. Bowman’s response to addresses in his honor at a dinner given by 
the Baltimore Association of Commerce on Tuesday, December 14, 1948. The Johns 
Hopkins Alumni Magazine, Vol. 37, No. 2, January, 1949, pp. 45-50. 

Dr. Bowman’s Response. Baltimore, Vol. 42, No. 3, January, 1949, pp. 19-21. 
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A Message From President Bowman: To All Johns Hopkins Alumni. Second Annual Report 
1948. The Annual Alumni Fund. Johns Hopkins Univ., Baltimore, Md., pp. 2-3. 
President Bowman’s Address at Farewell Assembly of Students, December 17, 1948. The 

Johns Hopkins News Letter, Vol. 53, No. 11, December 17, 1948, pp. 1-2. 

The Geographical Situation of the United States in Relation to World Policies. Geogr. Jour, 
Vol. 112, 1948, pp. 129-145. 

Geographical Objectives in the Polar Regions. Photogrammetric Engineering, March, 1949, 
pp. 6-12. (Opening address, Fifteenth Annual Meeting of the American Society of 
Photogrammetry, Washington, D. C., January 13, 1949.) 

Geographical Interpretation. Geogr. Rev., Vol. 39, 1949, pp. 355-370. (An address delivered 
on the occasion of the establishment of a Department of Geography at Rutgers University, 
New Brunswick, New Jersey, April 6, 1949.) 

Mark Jefferson. Geogr. Rev., Vol. 40, 1950, pp. 134-137. 


Unpublished | 


Foreword to a book by Professor L. Dudley Stamp of The London School of Economics and 
Political Science, Houghton Street, Aldwych, London, England. 

“Pioneer Settlement.” Chapter in Dr. Griffith Taylor’s book, Geography in the Twentieth 
Century. An English and an American edition of the book will be published, the former 
by Methuens in London, the latter by the Philosophic Library in New York. 

Where the Forces Strive. An Essay on Foreign Policy. One of the Myron Taylor Lectures 
on Foreign Affairs, Cornell University, Ithaca, New York, delivered by Dr. Bowman at 
Cornell on March 8, 1949. 


BOOKS 


Los senderos del desierto de Atacama. (Versiédn castellana de Emilian Romero.) 421 pp. 
Sociedad chilena de historia y geografia (Santiago de Chile) 1942. A translation of 
Desert trails of Atacama, American Geographical Society, Special Publication No. 5, 
(New York) 1924. 
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LEWIS F. THOMAS, 1887-1950 


ROBERT M. CRISLER 


University, St. Louis, Missouri, died February 13, 1950 of pneumonia fol- 


EWIS F. THOMAS, head of the department of geography at Washington 
iF lowing a heart attack. This comes as a great shock to his family, friends, 


and colleagues. 
Lewis Thomas was able to be in his lifetime not only a great teacher, but to be 


a faculty and civic leader and actively contribute to the geography profession. Thus, 
he was the perfect university professor, loved by his students, respected in his com- 
munity and in his profession. 

Dr. Thomas was 63 years old. He obtained his B.S. from Denison University 
in 1910, his M.A. from Chicago in 1917, and his Ph.D. from Chicago in 1925. Be- 
tween 1912 and 1916 he taught at Drury College in Springfield, Missouri, and from 
1916 to 1918 at the University of Missouri. For the past thirty years he has been 
on the faculty of Washington University. During that time forty-two graduate de- 
grees were granted under his supervision. Not until last year was he persuaded to 
reduce his teaching load to the normal twelve hours a week. Before that, he regu- 
larly taught eighteen hours of undergraduate work per week in addition to one or 
two graduate seminars, thesis supervision, and administrative duties. In his phi- 
losophy of teaching, he was a firm believer in teaching students to think. In prac- 
ticing as well as advocating this philosophy he used the “open-book” type of exami- 
nation question even in the freshman course. Through him and the many students 
who sought out his courses, geography gained its present esteemed position in the 
St. Louis area. 

In addition to his teaching Lewis Thomas was active in university affairs. He 
was faculty adviser for the Inter-Fraternity Council for some fifteen years, and 
served for several years as faculty adviser to each of the following organizations ; 
Omicron Delta Kappa, Beta Gamma Sigma, and the Student Senate. He served 
on many faculty committees and was grand marshall at the commencement exercises 
for several years. 

He was much in demand as a speaker having given a multitude of talks and lec- 
tures before local, state, and regional civic, social, and academic organizations. Un- 
til his first heart attack in February, 1949 he was chairman of the University City 
City Planning Commission, Secretary of the St. Louis Academy of Science, and a 
leader in the Congregational Church. 

He served a three-year term on the council of the Association of American Ge- 
ographers. In the summer of 1935, he was geographer consultant to the Mississippi 
River Water Resources Division of the National Resources Board. From 1944 to 
1946 he served as Industrial Geographer Consultant to the War Department in the 
Industrial College of the Armed Forces. 
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Much of his writings were concerned with urban geography especially St. Louis. 
His best known work is possibly his book THE CITY which he co-authored with 
Stuart A. Queen, a sociologist. He had published in 1948 “Trading Areas and Ge- 
ographic Regions : Atlas of the United States” which he used in classes at Washing- 
ton University. An enlargement and revision of it to enable other teachers to more 
easily use it was almost completed. His other most recent professional writings in- 
clude “Decline of St. Louis as a Midwest Metropolis” in Economic Geography, 
April, 1949, and “An Evaluation of Geography Teaching at the College, University, 
and Graduate School Levels,” read before the National Council of Geography Teach- 
ers at Cleveland, November, 1949. 
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MERRITT LYNDON FERNALD, 1874-1950 


HUGH M. RAUP 


and respected students of plant life, died on September 22, 1950, at the age 

of 76 years. He was born in Orono, Maine, had his early training there, 
and received the degree of Bachelor of Science at Harvard in 1897. Immediately 
upon his coming to Harvard as an undergraduate in 1891 he became a botanical as- 
sistant at the Gray Herbarium, and maintained his connection with that institution 
for nearly sixty years, to the time of his death. He was general assistant at the 
Herbarium from 1891 to 1902, instructor in botany at Harvard from 1902 to 1905, 
and assistant professor of botany from 1905 until 1915. He was then appointed 
Fisher Professor of Natural History in the University, of which he was made Emeri- 
tus in 1947. Following the death of Benjamin Lincoln Robinson, he became Curator 
of the Gray Herbarium in 1935, and its Director in 1937. He was a member of many 
scientific societies, and was the recipient of the Leidy Medal, the Gold Medal of the 
Massachusetts Horticultural Society, and the Marie-Victorin Medal, which was first 
given in 1950. He also received two honorary Doctor’s Degrees, the first from 
Acadia in 1932, and the second from the University of Montreal in 1938. He had 
been a member of the Association of American Geographers since 1915. 

Few scientific men have a amassed so large a bibliography of publications. Pro- 
fessor Fernald published something over 750 scientific papers, ranging from inci- 
sively critical reviews of current literature to monumental works like the 8th edition 
of Gray’s Manual. It is probable that no one in America has ever had a larger per- 
sonal knowledge of the flora of any region. His memory of the kinds of plants in 
northeastern North America, most of it based upon his own field experience, was 
prodigious. It went far beyond the names of plants. He could call up at will their 
habits of growth, the kinds of places in which they were to be found, pertinent litera- 
ture concerning their relationships and nomenclature, their geographic affinities, and 
their usefulness to man. 

The larger part of his scientific research and publication was in the taxonomy of 
the vascular plants of North America east of the 100th meridian and from Virginia 
northward. His work in this field reached major fruition at two points. The first 
was in 1908 when, as co-author with B. L. Robinson, he published the 7th edition 
of Gray’s Manual of Botany. This immediately became the standard work on the 
vascular flora of northeastern United States. About twenty years ago he began ac- 
tive work on its revision. The 8th edition, completely rewritten, was finally pub- 
lished during the summer of 1950, only a few weeks before his death. This Manual 
will undoubtedly stand as an authoritative work for many years to come. It brings 
up to date our knowledge of the flora of the Northeast, and expands the area cov- 
ered by the 7th edition to include the Maritime Provinces and Newfoundland. 


Memes LYNDON FERNALD, one of America’s most widely known 
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Scattered throughout the continuous stream of published papers that came from 
his pen are numerous results of his work as they apply to the geography of the flora. 
Most of his geographic papers were comparatively short and interspersed with dis- 
cussions of taxonomic problems. Professor Fernald represented a viewpoint in 
plant geography which set him somewhat apart from most of his American contem- 
poraries in this field. He approached the problems of plant geography through the 
intensive study of floristic ranges, rather than through the analysis of plant com- 
munities and their relations to environment. His most important work in the field 
of phytogeography probably was summarized in his paper, published in 1925, on the 
persistence of plants in unglaciated areas of Boreal America. In this paper he dis- 
cussed the many enigmas of discontinuous range patterns manifested by so many 
plants in northeastern America. In so doing he presented a vast amount of specific 
evidence in support of the theory of persistence which had been so ably defended by 
Darwin. He applied the theory, however, to range discontinuities which were much 
smaller than those dealt with by earlier workers, and found himself faced with the 
problem of their explanation in the absence of physical or other obvious barriers to 
migration. To do this he invoked the idea of senescence, and spoke of conservative 
vs. aggressive species. His work in this field has greatly stimulated research in 
two directions. One of these is in the reexamination by glacial geologists of the 
probable behavior of the Pleistocene ice in eastern America. Controversies raised 
in this connection still obtain. In another direction have been investigations of the 
inherent capacities of species to migrate, particularly as related to their genetic con- 
stitution and history. In later years Professor Fernald expanded the ideas expressed 
in 1925, and applied them not only to the boreal elements in our flora but also to 
those of the Appalachian region and the Coastal Plain. It is not impossible that in 
reemphasizing the theory of persistence and in stimulating studies of its modern 
implications, Professor Fernald has made the largest single contribution to phyto- 
geography since Darwin. 
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Jorge L. Tamayo, Geografia General de 
México (Geografia Fisica). 
II, 1208 pp., 22 Pls., 587 figs., Indexes. 
7x9} inches; Atlas, 19 maps (18x26 
inches, 34 cartograms (6X8 inches), 10 
charts, Index. 164x214 inches. In Span- 
ish. Talleres Graficos de la Nacién, Mex- 
ico, 1949. $8.65. 

This is a treatise on the physical geography 
of Mexico. Geographers and cartographers, 
as well as geologists, meteorologists, physi- 
cists, and foresters, will profit from the descrip- 
tions, colorful maps, and charts. Many of the 
data presented in both volumes and Atlas are 
not original, but are taken from authoritative 
sources including 10 institutions and 21 spe- 
cialists, to which credit is given freely. It is 
a collection of a large amount of information, 
hence, a valuable reference for any scientist. 

There are 406 photographs (109 of which 
are aerial photographs), 115 text maps, 22 
plates (black & white), and 66 sketches in the 
two volumes. Several photographs are very 
poorly reproduced. The two volumes are pa- 
per bound, whereas the Atlas, heavy case cov- 
ered, is loose leaf bound with three binding 
posts for ease in removal of the maps, which 
are tipped in. References as footnotes in the 
volumes appear reduced to a minimum. 

Volume I (628 pages) contains 16 of the 
25 chapters. A chapter on Cartography pre- 
sents a short history of Mexican cartography, 
including page size reproductions of old maps 
and five 13x18 inch plate reproductions of a 
16th Century map of America and the New 
World, of New Spain (1579), of Drake’s Voy- 
age around the World, of North America 
(1768), and of Humboldt’s Map of Mexico 
(1827). The chapter on Geology is elemen- 
tary, and that on Geological Evolution of 
Mexico is a generalized scant summary of the 
historical geology (with 5 paleogeographic 
maps). The reader would do better to read 
Garfias and Chapin’s Geologia de Mézico 
(Editorial Jus, Mexico, 1949) for a complete 
summary of Mexican geology. Short chapters 
on Gravimetry and Geodesy are followed by 
a well authenticated and illustrated (74 photo- 
graphs) chapter on Volcanism. The vol- 
canism of Mexico is meticulously covered un- 
der nine regions: eastern region, along the 
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Gulf of Mexico; central high plateau; new- 
volcanic cordillera along the 19th parallel, in- 
cluding the more famous volcanoes Cofre de 
Perote, Orizaba, Iztaccihuatl, Popocatépetl, - 
Ajusco, Nevado de Toluca, Jorullo, Paricutin, 
and Colima; northern Chiapas State and south- 
eastern Veracruz; western Sierra Madre; the 
Pacific anticlinal region; the geosynclinal area 
of Mar de Cortés and the Balsas River; the 
Revillagigedo archipelago; and southern Chi- 
apas. 

Chapters on Seismology, Terrestrial Mag- 
netism, and Terrestrial Electricity are fol- 
lowed by four long chapters describing the 
natural landscape of Mexico: Geomorphogeny, 
Geomorphography, Shorelines, and Islands, 
The author.has adhered to Davis’ original di- 
vision of geomorphology: the origin of land 
forms and the description of land forms, 
After an introduction, a discussion of the geo- 
graphic cycle, and peneplanation, the geomor- 
phogeny of Mexico is subdivided according to 
the geomorphic units of von Engeln (Geomor- 
phology, New York, 1942; pp. 60-69). Each 
geomorphic unit is carefully related to ex- 
amples found in Mexico. The geomorphog- 
raphy is separately described (Chapter 14), 
but based upon the orogenic units into which 
Mexico is so easily partitioned: western Sierra 
Madre, eastern Sierra Madre, New-Volcanic 
Cordillera, southern Sierra Madre, Oaxaca 
Sierra Madre, Tehuantepec Isthmus, Chiapas 
Sierra Madre, Chiapas Central Meseta, Yuca- 
tan Platform, and (lower) California Moun- 
tain Group. This separation into morphogeny 
and morphography may be of interest to the 
sincere student of the science, but will be found 
superfluous to the casual reader. The chap- 
ters on Shorelines and on Islands are embel- 
lished with 25 maps of harbors and islands, 21 
sketches of shorelines as viewed from the sea, 
and 30 aerial photographs. 

Volume II begins with Climatology, with 34 
text maps portraying the usual facets of the 
subject: insolation, thermal regime, barometric 
pressure, relative humidity, cloudiness, frost, 
rainfall, and climate according to Koeppen and 
Thornthwaite. Under the title of Hydrology 
the geology of streams is analyzed, and a brief 
chapter on Potamology (the science of rivers) 
and Limnology includes a table of 162 river 
drainage basins—all of which are examined in 
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ee chapters: The Atlantic Water- 
Watershed, and Interior 
Drainage. These are beautifully decorated 
with 20 maps of rivers and 209 photographs. 
A chapter on Physical Oceanography reports 
briefly on submarine topography off the Pacific 
coastline and on the American Mediterranean. 
The last two on Edaphology and Soil Conser- 
vation bring the reader up to date on one of 
the most vexatious current problems facing 
Mexico today. 

In the Atlas a transparent map of political 
divisions can be superimposed over the other 
maps, on which, for clarity, the names of 
political divisions are omitted. The various 
colors and colored symbols used are not too 
many per map to be confusing. The maps in 
the Atlas are: (1) North America—1769 
(New Spain); (2) Humboldt’s Mexico in 
1827; (3) Disturnell’s Mexico in 1847; (4) 
Orographic and Bathymetric (1949); (5) Ge- 
ologic; (6) Seismic; (7) Isohyetal for 1921- 
1944; (8) Climate, according to Koeppen; 
(9) Climate, according to Thornthwaite; (10) 
River Drainage; (11) Soil; (12) Biogeo- 
graphic; (13) Archeologic; (14) Population, 
based on 1940 census; (15) Ethnographic, of 
49 racial groups; (16) Vegetation; (20) Min- 
eral; (22) Communication, of railroads and 
highways; (23) Aerial Routes; (17, 18, 19, 
21 and 24) Cartograms, charts, histograms and 
pie diagrams of Distribution of Property, Pop- 
ulation, and Silviculture; Fishing, Cattle Rais- 
ing, Aviculture, and Apiculture; Agriculture 
and Principal Cultivation; Petroleum, Indus- 
tries of Transformation, Sugar and Electricity ; 
Commerce and Finance. A 

All igneous rocks on the Geology map are 
shown as intrusive, extrusive, or pyroclastic. 
On a map of this scale, greater subdivision ac- 
cording to age or type perhaps was not feasible. 
Sedimentary rocks are differentiated accord- 
ing to age. Two blank areas in Baja Cali- 


Andrew Hill Clark, The Invasion of New 
Zealand by People, Plants and Animals. 
Rutgers University Press, New Bruns- 
wick, 1949, 

During his two years at Canterbury Col- 
lege in New Zealand, Professor Clark delved 
both widely and deeply into the wealth of ma- 
terial there available on the settlement of 
South Island. This book is the result. It is 
a study of the occupation of South Island by 
white settlers and “their floral or faunal camp- 
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fornia, one large blank area in Sierra Madre 
de Oaxaca, and another on the southeast bor- 
der of Campeche are reminders of work to be 
done. The generalized contours on much of 
the Isohyetal map probably indicate meager 
data from many parts of the country. Hydro- 
metric stations on the River Drainage map 
are numbered, with an explanation on the re- 
verse side. All important streams on this map 
are labelled in fine but legible printing. Large 
blank areas of .mountainous country on the 
Soil map indicate complex soil on greater than 
25 degree slopes, of podsolic and “cafe foresta- 
les” nature. Twelve nearctic and six neo- 
tropical biotic provinces, with 19 faunal dis- 
tricts (by number) are indicated on the 
Biogeographic map. Sites on the Archeologic 
map are identified by red checks with accom- 
panying numbers; all are located by state and 
name on the reverse side (ceramic localities, 
construction remains, and building ruins in- 
cluded). The Population map shows popula- 
tion intensity in eight colored symbols by state, 
as well as by dots for every 2000 inhabitants. 
There are seven zones of vegetation depicted: 
chaparral and transition, litoral, tropical and 
subtropical, conifers, temperate, spiny forest, 
and desert and subdesert. Location of the 
mines of 25 different minerals is shown, with 
accompanying charts of production during 
1938-1942, silver production since 1521, gold 
production, and total mineral production since 
1929. The information displayed on most of 
the large maps is carried as far as practical 
into United States and Guatemala. This al- 
lows correlation with these adjoining countries, 
a desirable practice. 

The Atlas, handsomely arranged and colored, 
is well organized and alone worth the price 
of the set. This work of Tamayo, a valuable 
contribution for all geographers, is a step for- 
ward in our understanding of Mexico. 

Sidney E. White 
Syracuse University 


followers” ; directed toward the end of explain- 
ing the processes by which the regional char- 
acter of the island has been changed from its 
fundamental to its present aspect. The prin- 
cipal agents of this change were immigrants 
from Great Britain, the “respectable poor,” 
largely urban and without the peasant’s love 
and understanding of the land. Into an envi- 
ronment climatically similar to that of England 
came these people with British traditions. The 
inevitable results were repeated similarities in 
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the land use and landscapes of the two areas. 
The earliest white settlers in South Island 
were whalers and sealers who occupied scat- 
tered locations along the coasts. Then came 
carefully chosen populating groups to set up 
cottage-types of rural British settlements. For 
ten years or more these languished in self-suf- 
ficiency, lacking exportable goods and with 
tenuous connections with the European home- 
land. The gold rushes of the decade of 1860- 
1870 brought increased populations, imports 
of goods and machinery and exports of gold. 
Slowly the large land holdings of wool sheep 
production occupied most of the usable land. 
The most rapid period of change and that in 
which the greatest similarities to Britain were 
developed came after 1880 when the innova- 
tion of refrigerated shipping permitted the sale 
of New Zealand meat and dairy products in 
Europe and led to the breaking up of many 
of the large land holdings into smaller yeoman 
farms. Everywhere in the settled parts of the 
island are evidences of the cultural connection 
with Britain to be found. The plants, animals 
and patterns of European grassland farming 
are common. Some of the “camp followers,” 
the rabbits, deer, and blackberries, without 
their usual controls have become pests on the 
land. 
The physical and cultural similarities of 


R. Geiger, The Climate Near The Ground, 
Harvard University Press, 1950. Transla- 
tion of Das Klima der bodennahen Luft- 
schicht, 2nd edition, Braunschweig, 1942, 
with revisions and additions, 1949, by the 
author. 

The impact of the climate is felt nowhere 
more strongly than at the surface of the 
ground, where the realm of air physically ad- 
joins that of earth. George R. Stewart, in his 
book Storm has written, “As a crab moves on 
the ocean bottom, but is of the water, so man 
rests his feet upon the earth—but lives in 
the air. Man thinks of the crab as a water- 
animal ; illogically and curiously, he calls him- 
self a creature of the land.” The same may be 
said, of course, for plants and animals. In- 
deed, it is the weather that carves the barren 
rock and gives it characteristic shape and form. 

To the extent that the geographer wishes to 
understand the details of the earth’s surface 
and all that inhabits it, in order to erect thereon 
the edifice of a geographical discipline, he will 
be concerned with the subject of the microcli- 
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MICROCLIMATOLOGY 


Dee. 


England and South Island do not account 
wholly for the present land use. Professor 
Clark explains that the “indebtedness of cyl- 
tural land-use habits in South Island to its 
accidental proximity to Australia and to the 
accident of prior experiments there in the 
running of Merino sheep is, perhaps, as im- 
portant as the accident of government from 
London, of the existence of an English textile 
industry able to absorb its wool, and of a pop- | 
ulation predominantly English in character. 

The historical facts are carefully selected and 
presented and are adequately documented, 
There are thirty-two pages of reference notes 
and twenty-two pages of bibliography—a treas- 
ury to American students of New Zealand 
history and geography. These facts are not 
presented as a chronological history of the 
people of South Island but’ rather in their true 
role in historical geography as explanations of 
the changes that were occurring on the land. 

The work is scholarly in nature and engag- 
ing in styler Into its carefully worded para- 
graphs Professor Clark has managed to insert 
a little of his own buoyant personality. It is 
a major contribution to the literature of New 
Zealand and a fine example of historical ge- 
ography. 

Charles M. Davis 
University of Michigan 


mate—the climate within two meters or so of 
the ground, where the rock weathers and liv- 
ing things have their being. This is the 
province of Prof. Rudolf Geiger’s book, The 
Climate near the Ground, a translation of 
which has been published by the Harvard 
University Press, for the Blue Hill Observa- 
tory. 

The surface of the earth, being the prin- 
cipal absorber and emitter of radiation as well 
as the principal source of water vapor for the 
atmosphere, causes the climate near it to differ 
greatly from the large-scale climate and to 
obey different laws. The first part of the book 
begins with a full exposition of the role of radi- 
ation in determining the condition of the ground 
surface, and proceeds to its consequences for 
the distribution of temperature, humidity, and 
the other meteorological and climatic elements 
near the ground. The effects of different kinds 
of ground and of water and snow coverings 
are also described. The second part is devoted 
mainly to description of the microclimates that 
prevail in response to variations of exposure, 
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vegetation, and the works of man. Artificial 
influences on the microclimate are not neg- 
lected, and the problem of protection from frost 
is especially dealt with. 

Throughout the book, which is the only seri- 
ous effort so far attempted to bring together 
in a single volume the wide range of individ- 
ual researches that have contributed to the sub- 
ject of microclimatology, Prof. Geiger has 
taken pains to present all the evidence that he 
considers important. The consequent mass of 
detail, the extensive descriptions of particular 
researches and endless acknowledgments to 
their authors tend to distract the reader’s at- 
tention and shift the emphasis farther from 
fundamental principles than might be desir- 
able for a textbook. Nevertheless, these same 
features and the extensive bibliography are a 
great help to the advanced student, who ob- 
tains at once a clear view of the methods used 
and familiarity with the principal works in the 


field. Until there is sufficient demand to call 
forth an elementary text presenting the same 
material without elaboration, Prof. Geiger’s 
book will stand alone in its preeminence as the 
authoritative work of its kind for collateral as 
well as specialized study. 

Those who are familiar with the translation 
by John Leighly of the first (1927) edition of 
this book will find the present edition much 
enlarged both by the inclusion of recent ma- 
terial and by extension of the scope of the 
work, although the style, general arrangement, 
and method of presentation remain unchanged. 
It has been prepared principally from the 
second (1942) German edition, but with addi- 
tions by the author that make it equivalent to 
the third edition now awaiting publication in 
Germany. 

Wallace E. Howell 
Harvard University 
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Paul Woldstedt, Norddeutschland und An- 
grensende Gebiete im Eiszeitalter, K. F. 
Koehler Verlag, Stuttgart, 1950. 

This scholarly work, written by the leading 
German authority on Pleistocene geology, is 
based on a thorough analysis and critical eval- 
uation of the researches of numerous workers 
over the past fifty years (the “selected bibliog- 
raphy” covers 23 closely printed pages), as 
well as upon the author’s own thirty years of 
field investigations in all parts of north Ger- 
many. Attention may here be drawn to the 
same author’s morphological map of the glaci- 
ated area of northern Germany (scale 1 : 1,500,- 
000) and the brief though excellent explanatory 
handbook that goes with it (1935) and to his 
Eiszeitalter (1929). 

It is appropriate that the present book 
should appear in the series of the Geogra- 
phische Handbiicher, founded by Friedrich 
Ratzel for the promotion of geographic studies 
of Germany and by Albrecht Penck, who for 
a generation was the outstanding authority on 
the Ice Age in Europe. We can, however, well 
imagine some of our colleagues raising high 
their academic eyebrows at the inclusion of 
such an exhaustive geological study under the 
rubric of geography. Those who, more prag- 
matically minded, are sceptical of “regional 
geography” and exalt the “systematic ap- 
proach” would do well to ponder over this 
volume (from both points of view) as well as 
the others in the series, on Korea (Lautensach 


1945), Philippines (Kolb 1942), and Alaska 
(Bartz 1950), especially since they each deal 
with a strategically critical area. The work 
under review differs from the others in this 
series in that it is a highly specialized study 
in glacial geomorphology in the general area 
of the North German Lowland. 

Though a formidable work in its assemblage 
of the detailed studies of many investigators, 
the reader will have no difficulty in grasping 
its general contents and conclusions. The 
author’s genetic approach is anchored through- 
out to a critical evaluation of the Pleistocene 
stratigraphy, lithology, pollen grain analysis, 
limnology, and remains of vegetation, fauna, 
and humans. Chapters 1 and 2 contain a gen- 
eral introduction to the glacial land forms of 
the North German Lowland. There are ex- 
cellent maps of moraines on page 31 and of 
the great glacial valleys on page 36. Chapters 
3 to 14, the nucleus of the book, assemble and 
critically examine the evidence of glaciation 
and its effects on the land forms in twelve 
major divisions of Germany. These chapters, 
in particular, are illustrated by excellent pol- 
len diagrams. Chapters 15 to 17 deal with (1) 
the subject of boulders as a key to glacial 
stratigraphy, and the identification of glacial 
deposits on the basis of the heavy minerals in 
their rock contents (Geschiebe) ; (2) the ef- 
fects of the pre-quaternary relief and tectonics 
of the Lowland on ice movements and glacial 
land forms; and (3) the evidences of human 
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occupance in the ice age. Chapter 18 is a 
summary of all this preceding evidence. 

There is very little definitive evidence in the 
North German Lowland of the earliest glacial 
phase, the Giinz, or of the Giinz-Mindel inter- 
glacial period. The first definitive phase, how- 
ever, is the Elster phase (Mindel) in which 
the main ice sheet reached its most southerly 
extent. The Elster-Saale interglacial (= Min- 
del Riss) is little known in northern Germany, 
though deposits are evidently widespread. It 
was of long duration (as in the Alps) and the 
rivers had unusual erosive power, as is evi- 
denced by terrace remnants; but the evidences 
of this phase have been destroyed or obscured 
by subsequent changes. The Saale phase 
(=Riss), about which much more is known, 
saw the ice front lie behind the Elster front 
in central and eastern Germany, but well be- 
yond it in northwest Germany and the Nether- 
lands. Several halting phases during the ice 
retreat are known from this stage. 

A marked retreat of the ice (perhaps to the 
Baltic Sea) was followed by a new advance 
and a halting phase that gave rise to the mo- 
raines of the Liineburg and Flaming Heaths 
and Katzengebirge (Warthe Stadium). This 
Saale phase also witnessed a good deal of 
loess formation in front of the ice. The Saale- 
Vistula (= Riss-Wurm) interglacial period fol- 
lowed and this period is well established, 
largely through pollen analyses. A_ birch- 
conifer period, followed gradually by one of 
mixed oak forest (oak, elm, lime, hazel), is 
indicative of a warm climate under Atlantic 
influence. The mixed oak forest is then fol- 
lowed by a hornbeam association, although as 
the climate again became severe, the deciduous 
types disappeared and were replaced by Picea 
and Abies and then finally by Betula. These 
changes are similar to those which occurred in 
the post glacial changes, although in the latter 
the beech appears for the first time. The 
Vistula phase (=Wiirm), the last glaciation, 
did not reach as far south as the line of the 
Warthe Stadium, but followed a curve north of 
the Elbe, which now served as a main outlet for 
the glacial waters. Three halting phases are 
marked by moraines—the Pomeranian, Frank- 
furt, and Brandenburg stages. The periglacial 
loess deposits to the south reveal that there 
were two warmer periods in the Wiirm stage 
between these named phases. A table on p. 
368 gives an overall view of the sequence of 
events of the Pleistocene epoch. 

The last three chapters deal with post glacial 
changes. These are of particular interest to 
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the geographer, since man is now definitely 
and continuously on the scene. Vegetation 
changes, as revealed mainly by pollen analysis, 
show the following chronological sequence 
tundra and birch scrub (Old Dryas Period) ; 
birch woods gradually displacing the tundra 
to form birch pine woods ; a short period about 
10,000 B.C. with slightly warmer and moister 
conditions, supporting pine-birch woods; a 
colder period, marked by the light color of 
the soil profile due to the excess of mineral 
over organic content, in which the pine is 
again displaced by the birch (Young Dryas 
Period). This latter period was short and 
was followed about 8,000 B.C. by a long 
warmer period that resulted finally in the 
forest growth of northern Germany. The 
predominantly mineral content of the deposits 
is now replaced by an organic content (due 
to decayed vegetable matter) that marks the 
beginning of the Holocene period. This is also 
the beginning of the Mesolithic period of hu- 
man culture.“ Birch is first displaced by pine 
(Pre-Boreal Period). The first deciduous 
tree to appear is the hazel (Corylus) and its 
dominant period (preceding the appearance of 
other deciduous trees) is described as the 
Boreal Period (7,000 to 5,500 B.C.) when 
warm and dry conditions prevailed. Oak, elm, 
lime and alder gradually formed the mixed oak 
forest (Eichenmischwald) in the Atlantic Pe- 
riod, with mild winters and moist warm sum- 
mers (5,500 to 2,500 B.C.). After this, the 
beech displaces the oak in the Sub-Boreal Pe- 
riod (2,500 to 500 B.C.), the last phase of 
this warm period, that was perhaps a little 
drier than the Atlantic phase. In the next 
Sub-Atlantic phase (after 500 B.C. into the 
Christian era) the beech spreads over wide 
areas and becomes dominant on the best soils. 
This is the culmination of the warm climatic 
period. 

In Chapters 19 to 21, the author follows the 
survey of the climatic and vegetational changes 
with a study of dune formation that occurred 
mainly in the great glacial valleys (there is a 
good map on p. 379) ; the sedimentation of the 
inland lakes by the accumulation of decayed 
vegetable matter; and the development of fen 
(Flachmoor) and raised bog (Hochmoor). 
The changing forms of the Baltic and North 
Seas in post-glacial times are examined, with 
particular reference to the development of the 
shore lines. A last chapter deals very briefly 
with Man in post-glacial times. The main 
fact deserving comment here is Woldstedt’s 
agreement with the conclusion that Neolithic 
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man did not settle in areas that were at the 
time free of forest, warm and dry, as Grad- 
mann has long maintained. The Sub-Boreal 
period, which is the period of Neolithic (3,000 
to 2,000 B.C.) and Bronze Age (2,000 to 500 
B.C.) settlement, was not a marked warm dry 
period, and climatically it was not greatly dif- 
ferent from the periods before and after it. 
It seems far more likely that Neolithic man 
settled the mixed oak woods, in order to find 
oak mast for his pigs. But he was also a cul- 
tivator and it has been proved by recent re- 
searches that the cultivated lands in these 
wooded areas were already being occupied by 
the destruction of the trees. It seems clear 


that Neolithic men settled in the open wood- 
lands of northern Germany and only gradually 
through deforestation did heathland become 
extensive. Even the loess areas to the south 
had oak-hornbeam woods that were cleared by 
Neolithic man. On the other hand, an area 
like the Magdeburg Bérde was undoubtedly 
a forest-free area of steppe on black soils, al- 
though there is evidence here of the degrada- 
tion of the chernozems through the onset of 
cooler and wetter conditions in the sub-At- 
lantic period. 

Robert E. Dickinson 

Syracuse University 
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